Eye fixations as a function of informativeness by Antes, James Robert
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1973
Eye fixations as a function of informativeness
James Robert Antes
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Experimental Analysis of Behavior Commons, and the Psychiatry and Psychology
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Antes, James Robert, "Eye fixations as a function of informativeness " (1973). Retrospective Theses and Dissertations. 4990.
https://lib.dr.iastate.edu/rtd/4990
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoirig from left to 
right in equal sections with a small overlap, if necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to tiie understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
Xerox University (Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
74-518 
MTES, James Robert, 1946-
EYE FIXATIONS AS A FUNCTION OF INFORMATIVENESS. 
Iowa State University, Ph.D., 1973 
Psychology, experimental 
University Microfilms, A XtRQXCompany, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MiCROFiLMED EXACTLY AS RECEIVED. 
Eye fixations as a function of informativeness 
by 
James Robert Antes 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Manor: Psychology 
Approved ; 
In Charge of Manor Work 
For the Graduate college 
Iowa State University 
Ames, Iowa 
1973 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION AND LITEBATURE REVIEW 1 
STUDY I 21 
STUDY II 76 
GENERAL DISCUSSION 109 
REFERENCES 117 
ACKNOWLEDGMENTS 122 
APPENDIX A 123 
APPENDIX S 124 
1 
INTRODUCTION AND LITERATURE REVIEW 
Of the several senses man has at his disposal, sight 
probably is the richest and most complex. Beginning with 
incident photons of light the visual system transforms this 
energy into the highly detailed and unified representation of 
the external world which we experience, Man, unlike many 
animals, possesses the added complexity of a dense 
concentration of light sensitive receptors in a very small 
area of the retina, an area approximately 0.3 mm across and 
subtending a visual angle of about one degree. This region 
of the retina, the fovea, because of its great density of 
receptors, possesses the greatest resolving capability for 
fine detail. As the distance from the fovea on the retina 
increases, the density of receptors decreases and thus the 
discriminative capacity of the visual system decreases. 
In order to efficiently interact with the environment 
and be able to rapidly focus the images of objects on the 
fovea, man has evolved a complex system of eye movements. 
This system continuously monitors internal and external 
information and directs the eyes to fixate (focus foveally) 
obiects of current iT.portance or interest. Pour eye movement 
control subsystems have been identified (Robinson, 1968). 
The saccadic system rapidly locates objects. The smooth 
pursuit system tracks objects if they move in the 
environment. The vestibular system compensates for movements 
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of the head. The vergence system controls the convergence of 
the visual axes of the eyes in order to track in depth. 
These subsystems efficiently perform the necessary function 
of maintaining a target image on the fovea. 
Most of man's information processing is performed on 
stationary obiects, either through an examination of a 
printed page or the inspection of any visual scene. 
Consegut; cly the saccadic system is the medium through which 
most of our visually acquired knowledge is transmitted. 
Saccadic eye movements are characterized by two features: (1) 
high velocity, and (2) an almost perfect correspondence of 
the movements of both eyes (Yarbas, 1967). The latter factor 
permits the recording of the locus of fixation by the 
observation of one eye only. The high velocity allows the 
eye to rapidly locate obiects and permits the eye to remain 
fixated longer. In general, saccadic movements are 
voluntary, being based on visual stimuli. However, they may 
also be initiated involuntarily by visual stimuli and 
voluntarily without visual stimuli (Robinson, 1968). Since a 
high proportion of time is spent fixating as opposed to 
moving the eyes* most information is gathered during the 
fixations and not during the movement itself. Saccades occur 
three or four times a second, with total fixation duration 
occupying about 90 percent of the time (Yarbus, 1967). Some 
(e.g., Yarbus, 1967) propose that vision is greatly inhibited 
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during the saccade itself, but Volkmann (1962) has shown 
visual detection thresholds to be only slightly raised and 
rjttal and Smith (1968) have demonstrated that letters of the 
alphabet can be identified during the coarse of a saccade. 
Nevertheless, the bulk of oar visual information gathering is 
done during the one-quarter to one-third second fixations 
that occur between saccadic eye movements. 
The question of interest here is, what obiects does our 
saccadic control system present to the fovea and why? Man's 
information, gathering is certainly not random, so what are 
the factors that determine where we look? In this form, the 
question is a relatively recent source of investigation, with 
research being mostly confined to the last two decades. 
However, in a broad sense, the question refers not just to 
eye movements but to the general area of attention, upon 
which investigations and speculations extend back at least 
two centuries. Such men as Leibnitz, Herbart, James Mill, 
Bain, Wundt, James, and Titchener in the history of 
psychology and pre-psychology treated the topic of attention 
extensively. Although they differed greatly on an exact 
definition of attention, their ideas concerning factors 
determining attention were similar in many respects. Briefly 
summarized, these and ether early investigators saw attention 
as being determined by some combination of internal and 
external factors. Internal influences included innate 
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factors (e.g., Leibnitz), past experience (e.g., Herbart, 
tfundt, S Titchener), and interest and feelings (e.g.. Bain, 
James, S Titchener). External influences included the size, 
intensity, location and suddenness of stimulation (e.g.. Mill 
S James). Recent investigations have considered similar 
influences. Only those studies dealing with the direction of 
eye movements will be discussed here. 
Studies of internal influences upon eye fixations may be 
divided into investigations of the role of past experience, 
studies where a specific set is induced, and research 
comparing eye movements of adults and children. 
Past experience was manipulated by Noton and Stark 
(1971a, 1971b) by presenting line drawings to subjects (Ss) 
twice, once during a learning phase and again during a 
recognition phase. Eye movement recordings revealed that for 
all pictures, each S had a different characteristic pattern 
of fixations, or "scanpath", which appeared both during 
learning and recognition, presumably being related to correct 
identification of patterns. Experience with the picture did 
not affect fixations during subsequent exposures, but 
established a pattern of fixations to guide future 
recognition. 
Furst (1971) recorded eye movements during five 
repetitions of a given picture. He also found evidence of 
stereotypy; specific obiects fixated and order of fixations 
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became more predictable with increasing trials. Thus 
experience with a visual stimulus results in the development 
of a subiect-specific scanning pattern for the given picture. 
Buswell (1935) varied instructions to Ss as they viewed 
pictures in order to alter their mental set. Subjects were 
instructed either to look at the pictures in a normal manner 
or to examine them for a specific detail. Compared to the 
normal scanning condition, Ss under detailed scanning 
instructions made many more fixations in a relatively 
restricted area of the picture. For example, when told to 
scan a picture of the Chicago skyline for a person looking 
out of a window in the Tribune Tower, Ss concentrated almost 
all fixations on the Tribune Tower to the exclusion of the 
rest of the buildings. Dnder normal viewing instructions 
almost all of the skyline was fixated. 
Yarbus (1967) obtained similar results. Distribution of 
fixations on pictures was highly dependent upon instructions 
given to the Ss. 
Sakano (1963) varied instructions to Ss as they viewed 
Rubin's goblet/profile and Boring's wife/mother-in-law 
assbiquous figures^ Eye movement records showed density of 
fixations to be greatest on areas providing the most cues for 
the particular meaning indicated by the instructions. For 
example, under instructions to concentrate on the qoblet, Ss 
distributed their fixations on the top or base of the goblet. 
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However, when Ss were told to concentrate on the profiles, 
their fixations were most dense in the area of the faces, 
corresponding to the neck area of the qoblet. 
These results demonstrate that the relative importance 
of elements in a picture, as determined by fixation density, 
depend a great deal on the problem facing the observer. Eye 
fixations are concentrated on the areas providing most 
information regarding the solution of the problem. 
Several researchers have investigated possible 
differences in the looking behavior of children and adults. 
Buswell (1935) compared eye movement records of sixth-grade 
children and adults upon viewing the same pictures. He found 
no differences either in the location or duration of 
fixations of the two groups. Mackworth and Bruner (1970) 
however did find differences, in this case comparing eye 
movement patterns of adults and six-year olds. While viewing 
pictorial arrays, as compared to the adults, the children had 
longer durations of fixation, shorter extent of saccadic 
movements, more variability among themselves, and a lower 
proportion of fixations on informative areas. Miller (1969) 
shcvad the latency of voluntary eye movements in eight-year 
olds to be significantly longer than that in adults. Studies 
comparing the looking time of children and adults (Paw 6 
Nunnally, 1968; Nunnally 6 Faw, 1969) have shown no 
differences in fixation dominance when Ss viewed pairs of 
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complex, novel, or incongruous pictures. The children, aged 
7-13, as well as the adults tended to look longer at the more 
novel, complex, and incongruous picture of the pair. 
Some of the above results are thus suggestive that the 
age of a subiect may have an effect on how he scans visual 
stimuli. The particular measure employed and the stimuli 
used appear also to affect the probability of obtaining age 
differences. 
To summarize, research on the influence of internal 
variables on eve fixations has shown, first, that visual 
experience with stimuli tends to automatize the patterns of 
eye movements for each S. Scan patterns established during 
the first exposure of a stimulus tend to persist in later 
presentations of the same stimulus. The set induced in a S 
by way of specific scanning instructions markedly affects the 
manner in which he visually explores an array. The gaze is 
fixed on the particular details emphasized by the 
instructional set. Age differences in eye movement measures 
have been found by some investigators and not by others, 
apparently depending upon the particular age of the S, the 
stimuli asedf and the dependent variable employed. 
Research on the external influences upon eye fixations 
may be divided into physiological nystagmus studies, 
investigations of eye movements characteristic to a given 
task, recording of fixations while simple forms are being 
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viewed, and examination of scan patterns of Ss viewing 
complex pictures. 
Physiological nystagmus is a generic term for the 
involuntary movements of the eyes during fixation. Some 
research has shown that characteristics of the fixation 
stimulus influence involuntary saccadic movements. Carifa 
and Hebbard (1967) recorded eye movements while Ss attempted 
to fixate a target of varying levels of contrast with the 
background field. As contrast decreased, there was an 
increase in the mean amplitude of involuntary saccades. This 
result corroborated an earlier finding of Ditchburn and 
Ginsborg (1953) that amplitude of saccades increased fourfold 
when steady fixation was attempted in darkness. 
Steinman (1965) varied the size, luminance, and color of 
fixation targets. All three variables produced differences 
in mean fixation position, but size and direction of the 
differences varied in a complex manner. When targets were 
large the freguency cf saccades was greatly reduced. No 
consistent differences in saccade frequency obtained for the 
targets of varying color and luminance. 
Gaardar (1960) required S to fixate a central dot while 
a random figure was projected onto the different quadrants. 
Saccadic movements were in a direction opposite to that of 
the proiected stimulus. For example, when the projected 
figure was presented in the first guadrant, saccades tended 
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to te in the third quadrant. 
The above results demonstrate that the stimulus 
characteristics of size, contrast, color, and retinal locus 
affect the amplitude and/or direction of small involuntary 
saccadic eye movements. 
Numerous investigators have demonstrated the existence 
of specific scan, patterns in the presence of the different 
stimulus situations characteristic to various perceptual 
tasks. Characteristic patterns of fixations have been found 
in studies involving free viewing (Brandt, 1940), 
discrimination learning (Oscar-Berman & Bakoplus-Banos, 1971; 
Schroeder, 1969, 1970), visual search (Ford, White, & 
Lichtenstein, 1959; Gould & Schaffer, 1965a, 1965b), size 
estimation (Gardner & Long, 1962), the game of chess 
(Tikhomirov 6 Poznyanskaya, 1966-67), paired-associate 
learning (McCormack 5 Haltrecht, 1966), driving an*automobile 
(Gordon, 1966; Mourant 6 Rockwell, 1970), and pattern 
perception and recognition (Noton G Stark, 197 1a, 1971b). In 
each case, some unique characteristic of the given stimulus 
situation resulted in idiosyncratic patterns of fixation 
either for individual subiects or groups of subjects. 
Although the stimuli for these tasks differed greatly from 
each other, a common result obtained in most of the above. 
Subiects tended to concentrate their fixations on regions 
providing most information for performance of the given task. 
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For example, in a discrimination task, Ss most often fixated 
the reinforced stimuli (Schroeder, 1970) • The great majority 
of fixations fell upon road edges and the center lane marker 
when an automobile driver's eye movements were recorded 
(Gordon, 1966). Thus, it may be concluded that scanning for 
informative elements is a characteristic result of these 
studies. 
Zusne and Michels (1964) recorded eye movements of Ss as 
they viewed 4 2 different polygons. Fixations were 
concentrated on the outlines of the simpler shapes and on 
outlines or intricate portions of the more complex shapes. 
Kaufman and Richards (1969) and Richards and Kaufman 
(1969) recorded eye fixations while Ss viewed various simple 
forms. When the forms were small (subtending less than five 
degrees of visual angle), fixations tended to be on the 
center of thp form, not the edges. As the forms became 
larger this central tendency diminished and the distribution 
of fixations became more scattered. Their results also 
showed that 5s fixated the contour when a field divided into 
lighter and darker portions was presented. Subjects also 
fixated the vertex of as angle sore than other contours and 
homogeneous areas. 
Zavalishin (1968) obtained similar results from a 
theoretical point of view. He defined an informativeness 
function as a standard way of characterizing geometric forms. 
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He hypothesized that when Ss viewed these forms, most 
fixations would fall on the local extrema of the 
inforaativeness function. Osinq simple angles and lines he 
found that fixations generally fell on these areas, for 
example, in the area of the vertex of an angle. 
Williams (1966) specified simple geometric forms on the 
basis of size, color, shape, or a combination of these 
attributes in a visual search task. The greatest proportion 
of Ss' fixations were on objects of a specified color, a 
moderate proportion on objects of the specified size, and a 
lew proportion of fixations on forms of the specified shape. 
The above results suggest, first, that when viewing 
simple forms, Ss tend to concentrate their fixations on the 
most informative aspect of that form. For example, when 
observing a simple angle, Ss look most of the time at the 
vertex. Second, the most potent attribute of geometric forms 
in attracting fixations in visual search is color, followed 
by size and shape. 
Buswell (1935) compiled extensive eye movement data from 
numerous Ss as they viewed complex pictures. In general the 
sore ccsplsx areas as compared to the simpler areas of the 
pictures received the greater density of fixations and the 
longer average duration of fixations. When pictures were 
presented once in color and once in black-and-white, areas 
having the most pronounced colors were fixated more than the 
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correspondinq area on the black-and-white scene. Over a 
large group of Ss the distribution of fixations for the first 
three fixations was on a very few aspects of the picture. 
The last three fixations were spread more uniformly over the 
entire picture. This result suggests that Ss* attention was 
initially drawn to a few aspects of the picture. More 
thorough scanning was reserved for a later time. However, 
duration of fixation was shorter for the first three 
fixations than for the last three, suggesting that this 
initial distribution of fixations might have been a general 
survey scan, characteristic to most Ss. The longer fixations 
occurring later is evidence of a more detailed examination of 
most sections of the scene. Thus two patterns of fixation 
emerged from these data: (1) a general survey in which the 
eyes move in short pauses over the picture, and (2) longer 
fixations in a more concentrated area usually appearing after 
the survey scan. 
A, L. ïarbus and his co-workers have more recently 
investigated the eye movements of Ss as they viewed complex 
pictures (Yarbus, 1961, 1967; Karpov, Luria, & ïarbus, 1968). 
The prisary result sas that Ss fiiated regions of the 
picture carrying the greatest amount of information, as 
determined by the experimenters. For example, when Ss viewed 
a photograph of a human face, most fixations fell on the eyes 
and mouth, presumably the most informative areas of a face. 
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Two patterns of eye movements were isolated as well {Karpov 
et al., 1968): (1) an orienting period where leading cues of 
the picture are singled out, followed by (2) a period where 
the eyes are fixated on elements containing the most 
information. The description of these patterns is remarkably 
similar to that of the patterns of eye movements suggested by 
Buswell (1935) , detailed above. 
aackworth and rtorandi (1967) recorded the eye movements 
of adults while they viewed complex pictures. The method 
involved, first, cutting the pictures into small equal-sized 
pieces and having a group of Ss rate the pieces individually 
for "informativeness." Different Ss then casually inspected 
the intact pictures and their eye movements were recorded. 
Areas iudged highly informative received the most fixations 
and were the areas of great detail and unpredictable contour. 
Fewest fixations fell on the areas rated low in 
informativeness, areas of predictable contours and little 
detail. 
A related experiment was performed by Pollack and Spence 
(1968) . They divided pictures into 70 equal segments and had 
gs rate thss for thsir inforzational contribution to the 
entire picture. Other Ss then performed a visual search 
task, attempting to find a given segment in the intact (or 
scattered) picture. Search times and error rates were lowest 
when the searched-for segment had been rmtei high in 
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informativeness. Thus informative regions appear to be the 
easiest to discriminate in a picture, a fact presumably 
related to associated complexity. 
Thus, the eye movement records of Ss viewing complex 
pictures show that fixations are most frequent on regions of 
greatest information, however informativeness is defined. A 
clue to what comprises informativeness is found in the 
results of Backworth and Morandi (1967). The regions rated 
high on informativeness and the regions receiving most 
fixations were areas of unusual detail and unpredictable 
contours. Thus predictability or redundancy certainly plays 
a role. A further suggestion for the composition of 
informativeness comes from looking time studies. Subjects 
are typically presented with more than one picture and the 
amount of time the gaze is fixed on each scene is recorded. 
Displays evoking longer looking times were those of greater 
complexity (Berlyne, 1958), color (Day, 1966), incongruity 
(Nunnally, Faw, 6 Bashford, 1969), and novelty (Faw & 
Nunnally, 1967) when compared to banal scenes. It may be 
concluded, then, that when viewing complex pictures Ss 
concentrate their gaze on informative features which are? 
possibly, the more unpredictable, nonredundant, complex, 
colorful, incongruous, and novel regions. 
To summarize, research on external influences upon eye 
movements have shown, first, that the stimulus 
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characteristics of color, contrast, size and position affect 
Ss' looking behavior as they attempt to fixate stationary 
obiects. Secondly, the multi-faceted variable of 
informativeness is of considerable importance in influencing 
eye fixations. Its effect is seen in countless experimental 
paradigms under widely diverse stimulus situations. 
It should be noted that infornativeness does not 
completely fit the definition of either internal or external 
influences upon eye movements in the rather simplistic 
dichotomy. Certainly stimulus characteristics have something 
to do with the informational value of a region. However, 
past experience and expectancies, either induced or natural, 
would also be expected to affect the informational value of a 
given stimulus. 
Returning to the question posed at the outset, what 
obiects does the saccadic system present to the fovea and 
why?, the answer must be a general one. Man fixates most 
often the more complex, nonredundant, novel, and colorful 
regions of the environment, When a specific task is 
involved, he looks at areas providing information for the 
performance of the task. Visual experience appears to result 
in the construction of stimulus-specific scan patterns 
allowing efficient interaction with the stimulus on future 
occasions. These results picture man as an active 
participant in his confrontation with the environment. 
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Stimuli of greatest potential informativeness are sought 
while banal and predictable objects are avoided. 
Purpose of the Present Experiments 
It was the purpose of the present research to help 
clarify the nature of the information dimension in eye 
movement research and determine its role in drawing attention 
throughout the course of viewing complex pictures. 
Buswell (1935) and Karpov et al. (1968) reported the 
existence of two different patterns of scanning while Ss 
viewed complex pictures. First, there was an orienting scan 
where most of the picture was briefly viewed. This was 
followed by a more concentrated scan where detail was 
examined more closely. It would seem, thus, that it was 
during this latter period that informative regions were 
observed. Furthermore, it appears that the orienting period 
is an initial survey-type inspection of a scene, very 
possibly not dependent upon stimulus variables but more of a 
stereotyped behavior pattern. This idea is challenged by the 
results of Mackworth and Morandi (1967) who found fixation 
density to be the same during the first two seconds as it was 
during the last two seconds of a 10 second observations That 
is, informative areas were fixated egually often during both 
periods. In addition, some of Buswell*s own data are in 
contradiction with his conclusions regarding the initial 
orientation eye movements. Upon compiling records of the 
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initial three fixations of many Ss, there were very few areas 
fixated compared to the tabulations from the last three 
fixations. Initially fixating relatively restricted areas of 
a scene is not consistent with the idea of an initial 
orientation of the entire picture. 
Since the foveal area is relatively small, most authors 
agree that much of man's information processing is performed 
by the visual periphery. If indeed there is an orientation 
pattern of eye movements then peripheral vision performs much 
of the processing. Relevant to the above discussion are the 
results of Antes and Edwards (1973). They presented to Ss 
visual forms which varied on a simple stimulus redundancy 
dimension at several peripheral locations. Beyond about five 
degrees from the fovea only the relatively redundant stimuli 
could be identified. If these results from simple stimulus 
forms may be applied to the much more complex viewing 
situation, for eye movements to locate informative elements, 
these elements must either be directly fixated or be within 
five degrees from the fovea. Surveying an entire picture to 
locate informative elements, then, would take considerably 
longer than the two second lisit suggested by Kackîforth and 
Morandi (1967). 
To summarize, there is dispute over the locus and 
function of the first 5-10 fixations of Ss as they casually 
view complex pictures. One position states that these first 
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fixations are reserved for a general survey of the picture 
and not necessarily dependent upon stimulus variables. The 
other position states that the gaze is fixed upon the 
informative elements immediately. The present research 
investigated this guestion. 
Several stimulus factors comprising the inforoativeness 
dimension have been discussed. Research has suggested that 
there may be more than stimulus factors involved. Yarbus 
(1967) found that fixations were not necessarily concentrated 
on regions of greatest complexity per se, but on regions 
where complexity was related to the overall meaning of the 
picture. For example, he showed I. I. Shiskin's "Morning in 
the Pine Forest" to a group of Ss. Eye movements recordings 
showed that the greatest concentration of fixations was on a 
group of bears in the foreground and not on the highly 
detailed tree branches nearby. 
An intriguing recent study by Tyler (1969) has further 
demonstrated this point. Eye movements were recorded while 
normal Ss or aphasie patients viewed complex pictures. Motor 
and amnestic aphasies (having expressive and naming defects, 
respectively) had scan patterns similar to norsals. However, 
receptive aphasies, persons who can speak but cannot 
communicate meaning, had greatly different scan patterns. 
There was almost no visual exploration. It was as if the 
patients were randomly viewing portions of the picture. This 
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clearly suggests that the meaning and not the physical detail 
alone of a picture is the object of visual exploration. The 
present research explored this question further. 
Subjective rating of informativeness is a popular and 
promising method of independently defining the information 
content of regions within a picture. It circumvents the 
problem of trying to apply the lines and angles approach of 
Information Theory to complex pictures. Information Theory 
is probably only applicable to nonsense forms devoid of any 
representational meaning. Although trying to rate a 
multidimensional attribute, i.e., informativeness, on a 
unidisensional scale is risky, agreement among Ss is 
typically high in their ratings (Pollack S Spence, 1968; 
Schissler, 1969). In addition, ratings are not appreciably 
affected by the particular scaling technique used (Schissler, 
1969). The simplicity of the rating method is a definite 
advantage, but using it on arbitrarily defined segments of a 
picture, as'investigators using this technique have done, 
undoubtedly diminishes the "emergent" property of a whole 
complex picture. Ratings in these studies have usually been 
psrforsed on equal-sized squares, defined only by their sizes 
It is not clear that the rated informativeness of a 1 in. x 
1 in. section containing, for example, only the right side of 
a man's face reflects the "true" informativeness of that 
whole area of the picture. It would appear to be more 
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fruitful to apply the rating technique to regions of a 
picture defined by their meaning. Thus Ss would be required 
to rate meaningful units within a picture, the whole face, 
the entire house, etc. 
In the two experiments presented below, eye movements of 
5s were recorded as they viewed complex pictures. In the 
first experiment, thp guestion of the existence of an initial 
survey scan pattern was explored. In the second experiment, 
the effect of induced pictorial meaning on eye fixations was 
investigated. In both experisents an independent 
determination of informativeness was made by Ss rating 
meaningful units of the pictures. 
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STODY I 
Study I investigated the location and function of the 
first few eye movements of Ss as they viewed complex 
pictures. Twenty Ss viewed 10 pictures for 20 seconds each 
while their eye movements were recorded. The location and 
duration of each eye fixation and the extent of each eye 
movement were recorded. Tabulated fixation densities were 
then used as a defining criterion for designating units 
within each picture. These units were then rated for 
inforaativeness by an independent group of Ss. 
It was predicted that the Ss' initial few fixations 
would function to survey the entire picture while detail 
would be scanned in later fixations. All three dependent 
variables (location, duration, and extent) provided 
information in this regard. From the results of Buswell 
(1935) it was theorized that this initial survey of the 
picture would be characterized by eye fixations of short 
duration separated by eye movements of large extent. Large 
portions of the picture would be viewed in a short period of 
time. This behavior would be revealed in analyses of 
duration, inforsativeness.- and extent as a function of time. 
Specifically, it was predicted that mean duration of fixation 
would increase with time, mean extent of eye movements would 
decrease with time, and mean informativeness of locations 
fixated would show an initial increase and reach an asymptote 
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after 5-10 fixations. 
Method 
Eye movement recording 
The eye movement recording apparatus was a 
corneal reflection system, the Eye Movement Recorder, Series 
V-1164, manufactured by Polymetric Products, Itek 
Corporation, Lexington, Massachusetts. The subject was 
seated facing a rear projection screen 53 cm in front of him 
with his head resting on a foam-covered head rest. To 
restrict head movements S used a bite-bar on which was a 
hardened dental wax impression of his teeth. With S in this 
position, a continuous spot of light was reflected off the 
cornea of the left eye and into an optical system. Through 
this system of half-silvered mirrors and prisms, the spot of 
light was optically superimposed upon an image of the 
stimulus portrayed on the rear projection screen. Because of 
the nonspherical shape of the eyeball, as the eye moved, the 
spot of light moved. Thus, after proper calibration, the 
spot of light was superimposed in the optical system upon the 
object S was fixating. Through use of a Beaulieu 16 mm 
Eotion picture camera and a closed circuit television systes 
a permanent record of S's eye movements was available as well 
as the capability for simultaneous monitoring of eye 
movements on a television screen. 
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Stimuli The stimuli were nine cards (numbers 5, 6BM, 
7GF, 8BH, 9GF, 12BG, 12fl, 13MF, and 17GF, all Series 2) from 
the Thematic Apperception Test (TAT), published by Harvard 
University Press, Cambridge, Massachusetts, and a 
reproduction of "Morning on the Cape" by Leon Kroll. The 
black-and-white pictures were photographed and prepared as 
slides. When projected onto the rear projection screen, they 
were of approximately equal size, subtending no more than 20 
degrees of visual angle vertically and horizontally. The 
exact dimensions of each picture as pro-jected onto the screen 
are presented in Appendix A. 
Subjects Subjects were 20 undergraduates (eight 
females) from the general psychology course at Iowa State 
University. Extra course credit was awarded for 
participation. All Ss reported normal vision without glasses 
or contact lenses. 
Procedure when S reported to the experimental room, 
the following instructions were read to him: 
This is an experiment in art appreciation. I am 
going to show you 10 different pictures on this 
screen (point) for 20 seconds each. By means of 
this apparatus (point), I will be recording certain 
physiological characteristics of your eyes as you 
are viewing these pictures. After the last picture 
is shown I want you to tell me which picture(s) you 
liked best. I hope to relate your preferences to 
the physiological characteristics of your eyes 
which I am recording. This is not a memory 
experiment. I will not ask you to recall anything 
about these pictures. I just want you to casually 
view them as you would if you were visiting an art 
gallery, and then, after seeing them all, simply 
24 
decide which one(s) you liked best. Do you have 
any questions? 
Any questions were answered and then a dental wax impression 
of his teeth was made on an aluminum bite-bar. When the 
impression hardened the bite-bar was attached to the 
apparatus and S was seated as comfortably as possible while 
bitinq onto the bite-bar. Calibration of the equipment was 
then performed by havinq S successively fixate portions of 
the visual field located by letters printed on a calibration 
stimulus card. After the calibration was completed, S's eye 
fixations on the letters of the calibration stimulus card 
were recorded on film to serve as an aid in subsequent 
scorinq of eye fixations on the pictures. 
The pictures were then projected one at a time on the 
screen in front of S in a random order, with the constraint 
that each picture appeared in each of the ten ordinal 
P0Sà.tâ.0n5 trXce across the 20 ^ s. Each pxcture #as presented 
for 20 seconds with approximately 30 seconds between stimuli 
for E to check the calibration of the apparatus. The movie 
camera was operated at a speed of 8 frames per second and was 
started 1 second before stimulus onset and stopped at 
stimulus offset. After the final picture had been viewed, S 
informed E of his preference(s) and was then completely 
informed as to the nature and purpose of the experiment. 
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Ratings 
Stimuli The stimuli were the same pictures used in 
the eye movement recording sessions. Meaningful units within 
a picture were determined on the basis of three criteria; 
size, fixation density, and meaning. It was decided that the 
size of a unit should be larger than the minimum accuracy of 
the apparatus and small enough to allow rather complete 
processing of the whole unit by one fixation within the unit. 
Pilot testing with the apparatus has shown that the unit 
size should be no smaller than one degree in diameter. 
Examination of the results of Buswell (1935), ïarbus (1967), 
and Ford, White, and Lichtenstein (1959) regarding the 
distribution of the extent of saccadic movements and those of 
Antes and Edwards (1973) regarding the processing capacity of 
peripheral vision suggested that the maximum size of a unit 
should be five degrees of visual angle in diameter. Thus the 
units subtended no less than one degree and no greater than 
five degrees of visual angle in any direction. 
Units were also defined by the fixation densities 
obtained from the eye movement records. The purpose of this 
criterion was to set the boundaries of units such that there 
was an approximately uniform distribution of fixations over 
the entire unit. For example, a five degree area that had a 
high percentage of fixations toward one side but a low 
percentage over the rest of the area was divided into two 
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units of approximately uniform density. Therefore, Ss could 
rate units that had low within-unit variability in fixation 
density. 
The meaning of a unit was the final criterion. For a 
region of a picture to be selected as a unit for rating it 
had to convey some meaning in and of itself, as determined by 
E. The purpose of this criterion was to eliminate the 
arbitrary selection of portions of a picture that were not 
easily recognizable when viewed separately from the entire 
picture. This arbitrary selection has been used by others 
(e.g., Mackworth 6 Morandi, 1967) and was criticized earlier 
in the Introduction. Thus only complete faces, distinct body 
parts, entire houses, etc., were included. 
To summarize, units were selected for rating if they 
conveyed a unitized meaning, were from 1-5 degrees of visual 
angle in size, and had a uniform density of eye fixations. 
If a region met the fixation and meaning criteria but was too 
large or too small, then areas were either excluded or 
included to make the unit be of proper size yet still come as 
close as possible to meeting the other criteria. The units 
were then outlined ir. black ink on reproductions of each 
picture. A type-written unit number was placed on each unit 
and the pictures were then photographed and prepared as 
slides. Figure 1 shows the picture "Morning on the Cape" as 
it was presented to Ss for the eye movement recording and the 
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same picture divided into units. Figures 2-10 present the 
outlines and a short description of the content of the units 
for the other nine pictures,^ 
Subjects The Ss were 20 undergraduates (eight 
females) from the same subiect pool as in the eye movement 
recording sessions, except that perfect vision was not 
reguired. 
Procedure Subiects were run as a group and seated in 
a large room. The following instructions were read to them: 
This experiment deals with an area of 
psychology called attention. Specifically, I am 
interested in the way people view pictures. I want 
to see how the different parts of a whole picture 
contribute to the total amount of information 
conveyed by a picture. For example, if I presented 
a picture of a man walking a dog on Lincoln Way by 
the Union, I am interested in determining how much 
information each small unit of the picture 
contributes to the total information conveyed by 
the picture, e.g., the man's face, the dog, the 
Union in the background (an outline drawing was 
drawn on a blackboard at this point as a 
O Q. w A* / e 
One way to do this is to have people, like 
yourselves, judge the informativeness of pictures. 
That is the gist of this experiment. I will show 
you ten pictures, one at a time. I'll give you 
about a half a minute or so to look at each and 
then I'll project the same picture above it, this 
one being divided into different areas, each a^e* 
being numbered. Your job is to judge one at a time 
the inforsational contribution of each unit to the 
entire picture. To guantify this judgment I want 
you to use the rating scale you see at the top of 
iSince the TAT pictures are oart of a proiective test 
normally used in a clinical setting, permission could not be 
obtained to reproduce the nine pictures from this test. 
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the paqe in front of you. If you think an area is 
completely uninformative, that is, if that part 
were removed from the picture the information 
content of the entire picture would not be changed, 
the rating would be 0, and you would write "C" in 
the blank on the sheet corresponding to that unit. 
If you think an area is completely informative, 
that is, conveys all the information of the 
picture, mark an "8" in the appropriate blank. 
This 0-8 scale is meant to be continuous, that is, 
a 1 would mean slightly more information than a 0, 
and so on to 7 which means slightly less 
information than 8. So you can use any of the nine 
digits 0-8. Probably most of your ratings will 
fall somewhere between the numbers 0 and 8 (1-7). 
I want to assure you that there is no "correct" 
response. I am merely interested in your opinion 
of the informativeness of these regions. Do you 
have any questions? (any guestions were answered) 
You can work at your own speed on each 
picture. First I'll show you picture number 1, 
then the same picture divided into regions and 
numbered. Then you rate the informativeness of 
each region one at a time and mark this rating in 
the corresponding blank on your response sheet. 
When everyone is done with number 1, we'll proceed 
to number 2, and so on. This should go pretty 
fast. Each picture should take maybe four or five 
minutes at most. We have found that iust a few 
seconds is all that is necessary to rate each 
region. If you can't see some of the lines 
bordering some regions be sure to ask and I'll 
point them out for you. 
The pictures were proiected one at a time in a fixed random 
order onto a screen in front of the Ss. First the intact 
picture was shown for 20 seconds. Then the picture outlined 
into numbered units was projected above it, Subiects worked 
at their own speed, rating the informativeness of each unit 
one at a time on the nine point scale anchored at 0 = 
"completely uninforraative" and 8 = "completely informative." 
Informativeness was defined as the apparent informational 
contribution to the entire picture. Subjects indicated their 
ratings on a prepared sheet upon which was printed a separate 
blank for each unit of each picture. When all the units of a 
picture had been rated, the next picture was presented and 
its units were rated in a similar manner. After ratings on 
the last picture had been completed, E collected the response 
sheets and explained the purpose of the rating experiment. 
Results 
Ratings 
Each S's ratings were normalized by transforming the 
scores to normalized ranks and then standardized within each 
subiect and picture by dividing the normalized scores by 
their standard deviation (see Liu, 1972). These derived 
ratings were summed across Ss for each unit and averaged. 
The resultant mean ratings were thp informativeness values 
assigned to the units of the pictures. 
To determine the degree of agreement among the raters, 
and thus obtain a notion of the reliability of rating 
pictures by the present procedure to determine 
informativeness, the unit-by-unit derived ratings of each S 
were correlated with those of every other S across all 10 
pictures. Agreement was high, the mean inter-rater 
correlation being r = ,72 (the bar over the symbol indicates 
that the value represents a mean). Thus, Ss tended to agree 
on the relative ranking of portions of the pictures on the 
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dimension of informativeness. 
fixations 
Tbe eye fixation data were scored by a frame-by-frame 
analysis of the movie film using a Craiq 16 mm film editor. 
The locations of each fixation of sach S were recorded by 
printing a number corresponding to the ordinal position of 
that fixation on a reproduction of the stimulus pictures. 
The duration of each fixation, i.e., the number of 
consecutive frames of film for which a fixation was at a 
constant location, was recorded on an accompanying sheet. 
Frames where the fixation spot was faint (thus, tbe shutter 
of the camera was open during the eye movement itself) were 
not scored. Thus a fixation was scored as beginning at a 
given location at the first full frame the fixation spot was 
at that location and ending at the last full frame of film 
for which the fixation spot was at that same location. 
Approximately 15% of the frames were not scored because of 
this criterion. 
Scoring the extent of each eye movement and the unit 
number of each fixation was done on a later occasion, after 
all the data had been reduced from the film. It should be 
noted that the first eye fixation scored on each picture was 
the first location fixated following the first eye movement. 
The fact that the eyes were fixed on any particular region as 
the picture appeared was considered to be a chance occurrence 
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and, thus, this fixation was not scored. 
Tables 1-10 show the total number and duration of eye 
fixations on each unit, the area of each unit, and the 
informativeness rating of each unit for all 10 pictures. 
Since the present study involved a new method of 
informativeness rating, it was essential to first demonstrate 
that this method replicated earlier findings of a close 
correspondence of eye fixation density and ratings of 
informativeness. That is, before the question of initial 
scanning patterns could be investigated it was important to 
first show that density of eye fixations was related to 
subjective ratings of informativeness. Consequently for each 
picture a correlation was computed between the 
informativeness ratings of the units and the units' fixation 
densities, the proportion of total fixations on a unit 
divided by the proportion of the total area of the picture 
covered by that unit. These 10 values are listed in Table 
11. The degree of relationship was quite high, ranging from 
r = .52 for picture 12M to r = .79 for picture 12BG, all 
statistically significant at the £<.01 level. Thus, the 
desired relationship obtained. There was a strong 
relationship between rated informativeness and eye fixation 
density and the guestion of initial scanning patterns could 
be explored. 
Figure 1. "Morning on the Cape" as it appeared to Ss as 
their eye movements were recorded (above) and 
divided into units (below) for their 
informativeness ratings. (Museum of Art, Carnegie 
Institute, Pittsburgh) 
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Table 1. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of "Morning on the Cape." 
Dnit Total Total Mean 
# Area^ Fixations Duration^^ Bating^^^ 
1 11.71 89 184 -1.208 
2 8.00 29 54 -1.654 
3 9.39 7 9 -1.687 
4 8.86 26 52 -1.529 
5 8.07 9 17 -1.512 
6 8.14 28 63 -1.775 
7 10.37 36 81 -1.423 
8 4.33 26 59 -.717 
9 5.34 65 149 -.376 
10 10.26 49 117 -.128 
11 8.07 130 279 .962 
12 4.98 41 76 -.533 
13 2.54 62 126 -.232 
14 2.33 38 91 -.399 
15 2.35 48 108 .094 
16 4.86 32 60 -.318 
17 7.34 67 133 -. 196 
18 7.38 36 115 .086 
19 4.05 61 168 .582 
20 9.30 44 87 .659 
21 8.20 17 31 -.223 
22 5.97 30 50 -.063 
23 7.92 60 121 ,236 
24 5.57 21 43 -.105 
25 4,27 23 41 -.538 
26 6.01 8 17 -.546 
27 11.51 6 15 -1.103 
28 3.30 5 12 -1.505 
29 7.62 3 6 -1.134 
30 9.39 16 28 -1.280 
31 6.34 6 11 -1.201 
32 5 = 67 1 1 -1.080 
•Area values are given in cmz. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
•••Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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Table 2. Area, total number 
fixations and mean 
units of picture 5 
of fixations, total duration of 
informativeness ratings for all 
Unit Total Total Mean 
* Area* Fixations Duration** Rating*»* 
1 2.73 40 108 -1.422 
2 5.48 147 365 1. 184 
3 2.51 12 32 -1.750 
4 8.11 36 66 -1.586 
5 8.36 70 157 -.411 
6 9.27 2 5 -1.839 
7 6.34 44 86 -.867 
8 10.06 95 195 -. 066 
9 4.82 27 46 -1.615 
10 4.21 64 113 -. 152 
n 4.82 19 34 -1.889 
12 4.63 5 7 -1.295 
13 5.99 39 75 -.651 
14 3.65 31 63 -. 116 
15 3.26 22 47 -1.163 
16 10.45 65 135 -1.173 
17 4.01 38 71 -1.189 
18 . 9.27 156 351 -.419 
19 2.63 17 36 -.924 
20 2.86 16 34 
-. 362 
21 3.97 7 27 -.810 
22 5.76 6 11 -.862 
23 5.04 18 51 -1.660 
24 6.23 13 /< i -1.604 
25 9.64 28 58 -1.037 
26 5.26 5 12 -1. 112 
27 12.64 12 23 -1.957 
28 5,52 11 21 -1.415 
29 8.58 7 18 -1.002 
30 6.19 23 53 -1.441 
31 9.29 2 3 -1.061 
•Area values are given in cmz. 
^•Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
***Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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38 
Table 3. Area, total number of fixations, total duration of 
fixations and mean inforaativeness ratings for all 
units of picture 6BH. 
Unit Total Total Mean 
* Area^ Fixations Duration^^ Rating* 
1 11.83 34 73 -.696 
2 4.27 6 13 -1.461 
3 5.02 2 2 -1.822 
4 5.41 10 11 -1.717 
5 5.41 6 11 -1.763 
6 16.32 271 730 .857 
7 4.45 36 66 -1.822 
8 6,23 30 109 -1.082 
9 11.12 265 622 .935 
10 5.42 27 49 -1.545 
11 3.98 23 50 -.773 
12 6.37 60 160 -.747 
13 4.37 4 7 -1.121 
14 7.37 62 125 -.714 
15 2.77 3 7 -1.223 
16 9.97 32 95 -.636 
17 7.29 6 11 -.755 
18 7.53 31 61 -.317 
19 7.26 7 12 -.650 
20 5.26 11 18 -.9 13 
21 11.52 36 87 .241 
22 6.04 8 13 -1.127 
23 4.11 5 17 -1.355 
2% S. 91 14 23 • 047 
25 8I5O 35 67 — • 0 80 
•Area values are given in cmz. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
•••Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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Table 4, Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 7GF. 
Unit 
* Area* 
Total 
Fixations 
Total 
Duration** 
Mean 
Hating**» 
1 8.47 47 118 -1.586 
2 10.01 227 492 .463 
3 1.41 31 81 -1.012 
4 9.67 216 539 .655 
5 6.26 9 19 -1.435 
6 8.27 74 162 -.744 
7 3.67 22 41 -.660 
8 8.07 67 128 .009 
9 10.21 19 45 -.763 
10 10.42 35 71 -.778 
1 1 4.74 54 117 -.244 
12 7.75 25 53 -.248 
13 7.48 99 211 .571 
14 5.76 22 48 -.315 
15 7.11 3 4 -1.210 
16 4.63 11 24 -1.064 
17 10.12 21 37 -1.480 
18 12.38 23 37 -.637 
19 7.48 3 5 -1.473 
20 4.77 15 39 -1.468 
21 5.06 23 44 -.577 
22 4.44 15 24 -. 546 
23 7.59 3 4 -1.474 
2^ 4 26 Q 0 -1.526 
25 4.67 3 4 -1.513 
26 14.00 9 18 -1.201 
•Area values are given in cmz. 
**Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
***Mean rating values represent the average of Ss* 
nci-alizsd and standardized informativeness ratings. 
41 
2. Dark 
backgroi 
1. 
Rifl 
bard 
6. Man's] 8. Backgroimg 
head 
Back­
ground^ 
7. Man's 
head 
intern 
arm 
13. 
Rifle 
barrel 
111, Back­
ground ( 15. 
Rile 
,Man's 
Lhands 
22, Man's 
'< knife 
chest 
fen's bocfy y Man's 
body 
30, Man's ?.nn 
27. 
iBed- \ 28. \ 29, Bed­
stead! Rifla stead 
LO, Background 12. Window 
1 shoulA 
I der 
fl6. Back­
ground 
yan's 
arm 
Back­
ground 
31. Boy's body 
1 STiOCKt 
L 
11. Boy's 
head 
'Back-
Fground 
dS* Boy's \ 26. Boy's bo^y 
shoulder 
32. Boy's body 
Figure 5. Outline of the units of picture 8BM. Unit number 
and content are indicated for each unit. 
42 
Table 5. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 8BM. 
Unit 
« Area^ 
Total 
Fixations 
Total 
Duration^^ 
fie an 
Rating^ 
1 3.09 33 64 -.860 
2 3.62 20 28 -1.432 
3 3.84 36 71 -.376 
4 4.97 47 95 -.867 
5 3.50 43 78 -.452 
6 4.09 62 117 .640 
7 7.30 123 245 1.047 
8 3.31 18 34 -.836 
9 4.39 15 26 -.847 
10 7.65 12 18 -.949 
11 15.51 174 438 .838 
12 9.17 20 39 — . 668 
13 2.14 14 28 -.773 
14 7.48 29 50 -1.280 
15 4.43 74 156 .938 
16 4.77 47 85 -1.045 
17 5.01 26 65 — . 460 
18 4.10 12 23 -1.380 
19 3.93 10 27 -1.480 
20 3.07 81 197 .565 
21 3.86 49 124 -. 123 
22 4.92 79 179 -.080 
23 3.65 15 37 -.321 
2ii 4.65 7 14 -.458 
25 7.93 5 6 -.569 
26 12.60 21 40 -.506 
27 4.72 11 19 -1.157 
28 2.84 2 6 -.448 
29 5.29 2 2 -.889 
30 4.30 7 15 .028 
31 7.78 3 6 -.694 
32 8.00 1 1 -1.281 
•Area values are given in cm^. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
•••Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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Table 6. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 9GF, 
Unit Total Total Mean 
« Area^ Fixations Duration^^ Rating* 
1 5.90 34 63 -1.391 
2 3.85 24 51 -1.083 
3 2.62 14 24 -1.388 
4 6.09 27 55 -.796 
5 6.73 20 37 -1.012 
6 6.31 57 114 -.532 
7 5.34 46 93 -.643 
8 2.92 20 68 -1.165 
9 13.26 202 469 .990 
10 8.18 63 143 -.629 
11 4.58 23 58 -.759 
12 6.61 8 18 -.589 
13 8.35 159 339 1.233 
14 6.30 19 38 -.532 
15 3.89 18 33 -.913 
16 8.17 32 66 -.296 
17 8.85 33 63 -.286 
18 3.00 20 36 -1.157 
19 4.81 27 63 .063 
20 6.43 47 86 .141 
21 9.57 28 54 .130 
22 4.31 4 10 -.547 
23 9.48 99 224 .648 
24 5.5'4 11 24 -.840 
25 8.96 14 26 -1.339 
•Area values are given in cmz. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Table 7. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 12BG. 
Unit 
# Area^ 
Total 
Fixations 
Total 
Duration^^ 
Mean 
Rating^*^ 
1 7.26 18 31 -1.147 
2 9,71 29 51 -1.313 
3 4,05 15 27 -.564 
4 5.35 11 28 -1.026 
5 8.55 31 48 -.615 
6 4.89 11 30 -.965 
7 4. 18 7 16 -1.176 
8 6.58 23 46 -.780 
9 5. 10 71 157 .242 
10 7.34 84 161 -.041 
11 7,10 35 74 -.433 
12 7.72 14 37 -.836 
13 4.55 15 31 -1.046 
14 8.16 121 253 -. 066 
15 6.12 42 93 -1.356 
16 9.41 42 100 -.725 
17 10.72 25 60 -1.377 
18 8.95 48 136 -.603 
19 5.66 26 60 -.251 
20 2.59 14 23 -.603 
21 5.00 44 96 -.778 
22 8.86 184 451 .980 
23 4.51 36 94 - . 866 
24 6,59 58 128 = 830 
25 8.64 11 27 -1.157 
26 8.62 31 69 -.583 
27 5.12 11 24 -1.256 
28 5.99 13 41 
-1.373 
29 6.05 24 61 -1.510 
30 6.53 4 18 -1.693 
•Area values are given in 
••Duration values are given in frames of film (camera speed 
Has 8 frames per second). 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Figure 8. Outline of the units of picture 1211. Unit number 
and content are indicated for each unit. 
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Table 8. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 12H. 
Onit 
* Area* 
Total 
Fixations 
Total Mean 
Duration** Hating*** 
4.94 17 35 -1.764 
2 2.54 35 83 -1.728 
3 9.98 139 299 .469 
H 3.79 1 2 -1.305 
5 6.15 17 35 -.279 
6 11.06 7 11 -1.546 
7 6.01 109 237 -1.215 
8 4.90 77 147 1.021 
9 11.03 44 91 -. 126 
10 7.01 15 30 -.395 
11 9.36 2 4 -1.479 
12 9.28 253 717 .976 
13 3.19 8 18 -1.599 
14 8.70 45 85 .019 
15 11.12 42 85 .265 
16 7.82 19 36 -.512 
17 9.29 37 65 -.629 
18 7.33 22 53 -.771 
19 6.49 34 86 -.655 
20 6.67 3 5 -1.196 
21 6.88 4 8 -1.232 
22 4.66 17 38 -.724 
23 9.58 52 119 -.691 
24 5; 15 3 7 -1,052 
*Area values are 
••Duration values 
was 8 frames per 
given in cmz. 
are given in fram 
second) . 
es of film (camera speed 
***Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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Table 9. Area, tutal number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 13MF. 
Unit Total Total He an 
* Area^ Fixations Duration^^ Eating*** 
1 10.80 3 4 -1.767 
2 6.61 34 79 -1.677 
3 7.04 168 392 .862 
4 3.28 12 27 -1.058 
5 5.36 3 5 -1.241 
6 7.80 24 44 -.628 
7 9.90 10 11 -1.659 
3 10.14 110 265 -.173 
9 6.46 18 37 -1.399 
10 6. 17 12 24 -1.387 
11 3.11 32 65 -1.652 
12 5.89 2 3 -1.620 
13 3.68 26 63 -1.630 
14 3.99 13 38 -1.289 
15 9.44 79 156 -.081 
16 6. 19 46 86 -.103 
17 4.42 34 79 -.463 
18 2.67 25 52 -.817 
19 6.75 139 342 .427 
20 2.96 74 168 .662 
21 3.58 21 53 -. 159 
22 9.54 33 58 -.320 
23 6.39 40 88 -.226 
2y 5.69 20 42 -e 350 
25 2.65 6 10 -1.467 
26 5.19 10 18 -.965 
27 5.42 34 62 .247 
28 5.55 25 43 -.702 
29 4.96 13 24 -.677 
30 7.54 24 51 -.926 
31 4.70 7 16 -1.221 
•Area values are given in cm^. 
••Duration values are given in frames of film (camera speed 
vas 8 frames per second). 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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52 
Table 10. Area, total number of fixations, total duration of 
fixations and mean informativeness ratings for all 
units of picture 17GF. 
Unit Total Total Mean 
# Area + fixations D'lration*^ Rating^ 
1 4.22 27 47 -1.968 
2 2.43 9 13 -.855 
3 5.95 18 33 -1.006 
4 9.70 98 209 .255 
5 6.37 7 15 -.649 
6 5.34 20 47 -1.689 
7 3.67 28 56 -1.203 
8 7.15 54 86 -1.012 
9 6.43 59 143 -.525 
10 4.26 50 92 -.517 
11 10.46 35 63 -.592 
12 6.30 22 41 -1.962 
13 6.05 22 31 -1.388 
14 4.75 14 20 -1.511 
15 9.53 67 135 -.882 
16 2.14 54 158 .742 
17 4.68 18 32 -.937 
18 4.40 35 108 -1.013 
19 5.67 4 8 -1.207 
20 3.74 3 8 -.827 
21 6.33 23 47 -.401 
22 6.16 46 114 -.226 
23 8.03 65 139 -.186 
2ii 10 . S 6 11 21 -.266 
25 5.97 64 159 -1.273 
26 5.56 82 181 .054 
27 9.32 64 138 -.503 
28 7.67 68 153 -.215 
29 4.38 44 90 -.475 
30 6.19 8 13 -1.448 
31 13.95 13 24 -1.486 
•Area values are given in cmz. 
••Duration values are given in frames of film (camera speed 
vas 8 frames per second). 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Table 11. Correlations between rated informativeness and 
fixation density for the 10 pictures of Study I. 
Picture Correlation^ 
"Morning on the Cape" .57 
5 .71 
6BM .62 
7GF .69 
8BM .68 
9GF • 66 
12BG .79 
12M .52 
13HF .73 
17GF .61 
•All correlations were significantly different from zero 
at the 2<.01 level. 
54 
To review, evidence for an initial orientation survey of 
the pictures would come from the duration, extent and 
location dependent variables. It was predicted that the 
average duration of a fixation would increase with time, the 
mean extent of eye movements would shorten with time, and 
that the mean informativeness of locations fixated would 
initially increase and then reach an asymptote. 
Figure 11 shows the mean duration as a function of 
tenths of total fixations over all 10 pictures. The total 
number of fixations S aade on a picture were divided into 
tenths and averaged within each tenth. These values were 
averaged across all Ss across all pictures, to obtain the 
values shown. Although all computations were performed using 
mean number of frames of film per fixation, the figure shows 
the results in terms of milliseconds (1 frame = 125 ms) for 
ease of comprehension. The function shown was as predicted. 
Initial duration of eye fixations was low, about 215 ms,. and 
increased to about 310 ms for the last few fixations. These 
values are probably uniformly somewhat low, since fractions 
of frames of film were not scored, as mentioned earlier. 
Nevertheless, there sas a consistent increase in »ean 
fixation duration which was reflected in an analysis of 
regression coefficients. A linear and quadratic regression 
coefficient was computed for each of the 20 subjects and 
averaged. Both the mean linear and mean quadratic 
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coefficients were significantly different from zero ft(19) = 
6.014, £<.001; t(19) = -4.210, £<.001, respectively]. Mean 
duration showed the greatest increase early in viewing and 
appeared to reach an asymptote toward the end of the 20 
second exposure. when the functions were plotted for the 10 
pictures individually, all pictures showed the same increase. 
Thus, the duration data are consistent with the notion of an 
initial survey of the pictures. 
Figure 12 shows the mean extent of eye movements as a 
function of tenths of total fixations. Here, too, the 
function was as predicted. Initial eye movements averaged 
about 4.1 degrees of visual angle in extent and decreased to 
about 3.4 degrees for the final few fixations. Mean linear 
and mean quadratic regression coefficients were significantly 
different from zero Ft (19) = -5.589, £<.001; t (19) = 5.621, 
£<.001, respectively]. The initial decrease in mean eye 
movement extent leveled off late in viewing. Similar 
functions obtained when extent was plotted individually for 
each picture. Thus extent of eye movement conforms to the 
prediction of an initial survey of the picture. 
Figure 13 displays the sear, inforsativeness of units 
fixated as a function of tenths of total fixations. The 
function is not consistent with the prediction. It was 
predicted that informativeness would initially be low and 
then increase after a few fixations at which point it would 
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as a 
level off. Instead, infornativeness was initially high and 
steadily decreased to a point about halfway through the 
viewing of the picture and then reached an asymptote. This 
was reflected in mean linear and mean quadratic regression 
coefficients being significantly different from zero rt(19) = 
-9.442, p<.001; t(19) = 5.912, £<,001, respectively]. 
Since this result was so completely contrary to 
prediction, it was reasoned that in the process of summing 
and averaging across fixations that an initial increase in 
informativeness say have been eliminated. That is, it was 
still possible that the first one or two fixations were on 
regions of relatively low informativeness and that the next 
few fixations were on regions of high informativeness. In 
this case, summing across these fixations would eliminate the 
effect, Conseguently the mean informativeness of all regions 
fixated on each individual fixation was computed across all 
10 pictures for the first 10 fixations to investigate this 
possibility. Figure 11 shows the result. The locations of 
regions fixated on the first fixation were, on the average, 
less informative than those of the next few fixations. 
Infcrsativsness peaked at the second fixation.- on the 
average, and then showed the steady decline that is evident 
in Figure 13. To determine if this initial increase was 
statistically reliable, the following analysis was performed. 
For each S, the number of pictures for which the 
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informativeness of regions fixated on the second fixation was 
greater than or equal to the informativeness of units fixated 
initially was computed. For example, if for a given S, 
fixation two informativeness was greater than or egual to 
that of fixation one on 8 of the 10 pictures, his score was 
8. The mean over the 20 Ss (X = 7.55 pictures) was compared 
against the assumed population mean under null conditions 
(5.00) by means of a t test and was found to be significantly 
greater ft (19) = 6.967, £<.0011. Thus there was a reliable 
initial increase in informativeness. The first eye fixation 
S made on a picture, in general, was not on a region as 
informative as the next two fixations. 
Discussion 
The results from analyses of eye fixation duration and 
eye movement extent conform nicely to behaviors predicted to 
occur as a result of Ss initially scanning the pictures as an 
orientation prior to close examination for detail, ihen 
examined on a fixation-by-fixation basis, the data on the 
informativeness of regions fixated are suggestive of such a 
scanning pattern as well. However, before any conclusions 
are draen* there are a few points that deserve discussion. 
First, while it is true that all three dependent measures 
provide results suggestive of an orientation scan pattern, 
consideration must be given to the time dimensions in which 
these behaviors occurred. Figures 11 and 12 display the mean 
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duration and mean eye movement extent as these measures are 
exhibited throughout the entire course of viewing a picture. 
The steady, gradual slopes indicate that, as a group, Ss were 
slowly modifying their eye fixations during most of the 20 
second viewing period. Certainly some of the smooth and 
gradual nature of the functions may be due to the large 
amount of averaging performed both within and between Ss to 
obtain the curves (each point on Figures 11 and 12 represents 
approximately 1000 eye fixations). However, the fact that 
graphs of each picture individually showed highly similar 
relationships suggests that the general findings are not 
artifact. Subiects appeared to be rapidly analyzing large 
portions of the pictures. Gradually, their eye movements 
became smaller and the duration of their fixations became 
longer. Contrasted with this is the rapid time course of the 
informativeness function of Figure 14. The initial rapid 
increase and more gradual decrease in informativeness as a 
function of ordinal fixation position occurred within the 
time span corresponding to the first one or two points of 
Figures 11 and 12. Thus the evidence from the 
informativeness data for the orientation scanning pattern 
comes frbm the first three or four fixations on each picture, 
while evidence from the duration and extent data comes from 
fixations over the maiority of the 20 second exposure. One 
source of evidence suggests a very rapid scanning process 
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while the other suggests a very gradual one. 
Another point contraindicating the existence of the 
orientation scan pattern is the aonotonically decreasing 
informativeness of fixations as a function of ordinal 
fixation position after fixation number two, shown in Figure 
lU, This decrease continued until approximately halfway 
through the viewing of the picture at which point it leveled 
off, as shown in Figure 13. Notwithstanding the initial 
increase of informativeness over the first two or three 
fixations, this later steady decrease is not supportive of 
any initial survey of the picture. If this survey of the 
picture functions to familiarize the observer with the 
general outline of the scene and the location of informative 
regions then informativeness should be expected to increase 
with tine until such a time when the examination of details) 
of the picture begins. 
These problems may be partially resolved when an 
examination is made of individual Ss' responses. As stated 
earlier, each mean on Figures 11, 12, and 13 represents 
approximately 1000 fixations. This process of averaging 
between and sithin Ss completely obscures the scanning 
behavior of any individual S. Figure 15 presents the 
duration, extent and informativeness as a function of each 
individual fixation for one S on picture 13MF. This S*s 
scanning patterns were representative of those of most Ss and 
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will be considered here as "typical." The data are quite 
"noisy", but careful examination of Figure 15 reveals 
information worthy of consideration. First note the center 
panel of the figure, the extent of eye movements. Host of 
the large saccades were made in the initial few seconds of 
viewing. Of the first 20 eye movements 30% (6 of 20) were 
greater than 7 degrees of visual angle in extent. Of the 
last U5 eye movements only 9* (4 of 45) were greater than 7 
degrees in extent. Initially, S made many large eye 
movements with a few short saccades between; as viewing time 
progressed, the number of large eye movements decreased and 
the number of smaller ones increased. 
The results were similar, though somewhat less obvious, 
when informativeness of locations fixated was plotted as a 
function of fixations, the lower panel of Figure 15. Most of 
the "informativeness peaks" were clustered early in viewing. 
Highly informative regions were fixated often in the first 20 
fixations; later the highly informative units were fixated 
less freguently with many fixations on less informative 
regions interspersed. Note also that the peaks on the extent 
function corresponded roughly to the peaks on the 
informativeness function. Less informative regions were 
Ixated following short eye movements while the highly 
informative units were fixated following relatively longer 
saccades. 
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Consider now the duration data of the upper panel of 
Figure 15. In the first few fixations, the duration of each 
fixation was uniformly low. As viewing time progressed, 
there were more fixations of longer duration. In addition, 
the fixations of longer duration roughly corresponded to eye 
movements of short extent and loci of fixation of low 
informativeness. Conversely, the fixations of short duration 
were on regions of greater informativeness and were preceded 
by longer eye movements. 
When one further result is considered along with the 
above considerations, a plausible description of Ss' scanning 
behavior emerges. When any stimulus picture was first 
presented there was very little variability across Ss in the 
informativeness of units fixated. Of the 200 cases (20 Ss 
viewing 10 pictures each), at least one of the three most 
informative units (highest rated) was fixated in the first 
three fixations on the picture 156 times, or 78% of the time. 
That is, an average of almost 16 Ss per picture looked at 
one of the three highest rated units in their first three 
fixations. This is contrasted with, for example, about 55% 
(109 out of 200) of the cases in fixations 21. 22. and 23 
where one of the three most informative units was fixated. 
Thus, initially, in the first three fixations, there was a 
great deal of uniformity across Ss regarding which regions of 
the picture were fixated; this fixation-by-fixation 
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uniformity decreased considerably as viewing time progressed. 
When all the above information is viewed together, Ss' 
scanning behavior as they observed these pictures may be 
described as follows. Immediately after a picture was 
presented, S made one or two fixations of short duration on 
units of relatively low informativeness. Probably the 
fixations during this brief period (at most one second) 
served the orientation function discussed earlier. Then the 
picture was investigated in increasing detail. A long eye 
movement occurred to a unit of high informativeness. The 
gaze, however, rapidly switched to nearby detail (lower 
informativeness) for one or two fixations, A long saccade 
was then made to another region of high informativeness. 
After a short fixation on this region, detail in the area was 
again investigated. As viewing time increased, the amount of 
detail fixated between long eye movements increased. The 
regions of lower informativeness appeared to be scanned more 
closely and fixations on the highly informative regions 
became fewer. Thus the informative regions of the picture 
became "bases of operation" for visual exploration. 
Following a fixation on one of these informative areas, 
detail in the area was investigated. The eyes then moved to 
another "base" and inspection of its surround ensued. This 
behavior continued throughout the course of viewing the 
picture with more and more examination of pictorial detail 
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and fewer return fixations to the informative units. 
Figures 11 - 14 may now be explained by this description 
of Ss* scanning behavior. The rapid initial exaaination of 
informative areas followed by a slower inspection of 
pictorial details, averaged over many Ss, predicts the 
gradual increase in mean fixation duration over time, as 
shown in Figure 11. The freguent long saccades to 
informative units to view the picture initially, progressing 
gradually to fewer large saccades to these areas and a closer 
inspection of detail, when averaged over many Ss, predicts 
the gradual decrease in mean extent of eye movements over 
time of Figure 12. The initial frequent inspection of 
informative areas decreasing over time to greater inspection 
of uninformative detail predicts Figure 13, when averaged 
over Ss. The increase in informativeness over the first two 
or three fixations, shown in Figure 14, is attributable to a 
brief initial orientation period and the strong tendency of 
Ss to fixate a highly informative unit within the first three 
fixations. 
One further question must be resolved concerning the 
existence of the orientation scan pattern. It is not clear 
from Figure 14 whether the increase in the informativeness of 
locations viewei over the first two fixations is a pattern 
exhibited when all pictures are observed or, rather, was a 
product of the specific task and subjects used in this 
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experiment. That is, the scan pattern may be a general 
behavior commonly employed when people view pictures. On the 
other hand, naive Ss attached to impressive pieces of 
apparatus may require a few eye fixations not totally related 
to the picture itself when it is first presented. If the 
latter is the case then increased familiarity with the 
experimental situation should mitigate this effect and highly 
informative regions should be fixated immediately. In the 
context of the present study, pictures viewed last should 
have a less pronounced initial increase in informativeness of 
units fixated than pictures viewed first. This increase in 
informativeness of units fixated should be the same for 
Dictures viewed last and first if the orientation scanning 
pattern is a general phenomenon of people looking at 
pictures. The data portrayed in Figure 1U, plotting 
informativeness as a function of ordinal fixation position 
for the first 10 fixations, was averaged over the 20 Ss and 
the 10 pictures. Figure 16 shows the same dependent variable 
plotted as a function of ordinal fixation position for 
pictures viewed first or second and for pictures viewed ninth 
or tenth. The results are rather clear= When Ss viewed the 
first or second picture of the series (because of 
counterbalancing, all 10 pictures were represented egually 
often in the two curves of Figure 16), the most informative 
units on the average were not fixated until the third 
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fixation. When the same Ss saw the last two pictures of the 
series, the most informative regions were fixated, on the 
average, on the first fixation. To test the reliability of 
this difference, the following analysis fas performed. For 
each 5, the mean informativeness of regions fixated first was 
computed for pictures viewed first and second and for 
pictures viewed ninth and tenth. A paired t test was then 
performed on these means. The results [t(19) = 2.757, 
p<.0251 demonstrated that the first eye fixation on pictures 
viewed last were on more informative features than the first 
fixation on pictures viewed first. Thus, it appears there 
was a warm-up effect. When Ss became familiar with the 
experimental situaticn the orientation period disappeared. 
The initial fixations on less informative regions exhibited 
by Ss viewing the first few pictures probably served as a 
general orientation to the task and cannot be viewed as the 
survey scanning pattern found by Buswell (1935) and Karpov et 
al. (1968). 
Since order had such a pronounced effect on the 
informativeness of units fixated in the first four or five 
fixations, similar sxasir.aticr.s sere made on the duration and 
extent data as well as the later fixations on the 
informativeness data. The results showed no order effects. 
The warm-up effect was restricted to informativeness of units 
fixated in the initial few eye fixations. 
The original question of whether Ss exhibited a survey 
eyp movement pattern early in the viewing of complex pictures 
may now be answered. Upon examining the data of individual 
Ss, such as displayed in Figure 15, it is apparent that the 
two distinct patterns of viewing suggested by Buswell (1935) 
and Karpov et al. (1968) were not present. Since the 
increase in the informativeness of locations fixated over the 
first two or three fixations has been dismissed as a general 
orientation to the task, there were no definite inflection 
points in any of the individual records indicative of a 
change from surveying the picture to scanning for detail. 
However, the fact that gradual differences in"duration, 
extent, and informativeness occurred throughout the entire 
course of viewing the pictures invites consideration of the 
possibility that a continuous change in scanning behavior was 
occurring rather than a discrete one; a change in degree 
rather than in kind. This is especially evident when records 
of individual Ss, such as displayed in Figure 15, are 
examined. The frequent short fixations on informative 
regions preceded by long saccades gradually became less 
freguent as viewing time progressed and the longer fixations 
on less informative areas preceded by short eye movements 
became more freguent. It thus appears there was a gradual 
change in scanning behavior over the 20 second observation of 
these pictures, a continuous change from surveying the 
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informative aspects of the entire picture to the examination 
of less informative detail. Thus the descriptions of the 
scanning patterns supplied by Buswell (1935) and Karpov et 
al. (1968) are appropriate end points of a continuum rather 
than criteria for discrete eye fixation patterns. 
The dispute between the notions of Buswell (1935) and 
Karpov et al. (1963) and those of Mackworth and Morandi 
(1967) discussed earlier may now be resolved. The present 
data suggest that Buswell and Karpov et al. were correct in 
their descriptions of particular scanning patterns as they 
were exhibited initially and much later in the course of 
viewing pictures. The data suggest they were incorrect in 
their implication that these patterns were discrete. 
Mackworth and Morandi's conclusion that informative regions 
of pictures are fixated immediately was supported by the 
present data. However, their conclusion is misleading in 
that it implies that informative regions are fixated equally 
often early and later in the course of viewing a picture. 
The present data demonstrated that fixations on informative 
areas were concentrated toward the initial few seconds of 
viewing and that less informative detail received a greater 
proportion of the fixations later in viewing. Thus the 
apparent dispute disappears. The data suggest that there 
were different scanning patterns (a continuum of scanning 
patterns) and the highly informative areas of a picture were 
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fixated immediately upon presentation of the pictures. 
One further result deserves discussion. Subjects in 
this experiment fixated informative regions of the pictures 
immediately after the pictures were presented, sometimes on 
the initial fixation. The saccades preceding these fixations 
were often guite long, up to 10 degrees of visual angle in 
extent and higher. This result is apparently in conflict 
with the results of Antes and Edwards (1973) who showed that 
only highly redundant, i.e., relatively uninformative, 
stimulus forms could be discriminated at peripheral distances 
of seven degrees. Extrapolating these results to the context 
of viewing complex pictures (the justification for which is 
not obvious and, possibly, absent) prompts at least one 
guestion regarding the processing of information during the 
course of visual exploration. How could a highly informative 
part of a picture 10 degrees distant direct an eye movement 
when only redundant material can be discriminated? There are 
three possible answers which future research must evaluate: 
(1) present evidence regarding the processing capacity of 
peripheral vision may drastically underestimate the ability 
to process stimuli in the periphery- (2) eymovements may be 
directed by the absence of peripheral identification; that 
is, priorities for eye fixation may be determined by portions 
of the picture which are not identified, and (3) possibly 
through experience with viewing complex scenes man has 
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learned to use available cnes present in areas close to the 
fixation point to determine the locations of informative 
regions; relatively uninforœative regions in the context of 
the entire picture may provide information regarding the 
location of informative areas in more distant locations. Any 
combination of these three possibilities might have been 
operating, but no conclusions regarding which one (s) can be 
drawn from the present, data. 
76 
STUDY II 
The purpose of Study II was to make a direct 
determination of the effect of pictorial meaning on the eye 
fixations of Ss as they casually viewed complex pictures. 
The results of Yarbus (1967) and Tyler (1969), mentioned 
above, are suggestive that meaning plays a role in the 
apparent informativeness of regions of a picture. Yarbus 
showed that it was not necessarily regions of greatest detail 
that were most often fixated. Tyler showed that individuals 
yith impairments in communicating meaning did not view 
pictures as did normal Ss. In neither case was meaning 
manipulated directly. In the present experiment meaning was 
manipulated directly through the use of polyseraous pictures, 
that is, pictures with more than one potential meaning. 
Before viewing each picture, S was told one of two 
chosen meanings of the scene. Half of the Ss viewed five 
pictures under one set of meanings and half viewed the same 
pictures under the second set of meanings. It was predicted 
that the different meanings would result in different 
distributions of fixations. Further, it was predicted that 
independent groups of Ss sculd rate the informativeness of 
regions of the pictures differently for the different 
meanings. In sum, it was predicted that the subjective 
importance of a region, as determined both by fixation 
density and informativeness ratings, would be determined by 
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the meaning for which the S was scanning as well as by 
physical characteristics of the stimuli. 
Method 
latinos 
Stimuli The stimuli were four TAT cards (numbers 5, 
8BM, 13MF, and 17GF, all Series 2) and Leon Kroll's "Morning 
on the Cape" photographed and prepared as slides. All five 
were included in Study I. Selection of the pictures was 
based on the ease of forming two distinct meanings which 
emphasized separate portions of the pictures. The tso 
meanings for each picture were devised by E with the 
intention that all meanings be completely credible and that 
the two meanings for each picture emphasize the maximum 
number of distinct units. The meanings employed and their 
respective units of emphasis are liste 1 in Appendix B. 
Subjects Tho Ss were 40 undergraduates (13 females) 
from the same subject pool as described earlier. 
Procedure The procedure was the same as that for the 
ratings of Study I with the following exceptions. The 
experimenter explained that before each picture was to be 
^ /- f w k ^  ^ ^ T\/-* 4 r% w 1 ,4 
O V «*41 6 ^ ^ W At Cfc W " Ci O V A. ^ ^  ^  W>«4Vv W V ^ 
be read. Subjects were instructed to base their 
informational ratings on these descriptions. The following 
sentences were inserted into the instructions described for 
Study I: 
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I will show you five pictures for your evaluation 
one at a time. These pictures have been selected 
from old and obscure illustrated novels and short 
stories and the meaning the picture by itself 
conveys is not always clear. To help you gauge the 
total informativeness of the pictures I will read 
to you a very brief (four or five sentence) summary 
of the story from which the picture has been taken. 
Please listen very carefully to this summary. As 
you iudqe the informativeness of regions of the 
pictures the story will give the picture a much 
clearer meaning. 
First, the description of the picture was read to the Ss and 
then the intact picture was proiected onto the screen. After 
20 seconds of viewing this picture, Ss were shown the same 
picture divided into units. The rating then proceeded as in 
Study I, with Ss again using a nine-point scale and marking 
their responses on a prepared sheet. After all Ss had 
finished rating the first picture, the procedure was repeated 
for the second picture and so on until all five pictures had 
been rated. The response sheets were then collected and E 
explained the purpose of the experiment. 
The Ss were run in groups; 20 Ss (eight females) rated 
all pictures on the basis of one set of meanings (meaning A) 
and 20 Ss (five females) rated the same pictures on the basis 
of the second set of seaninqs (meaning B)= The pictures were 
presented in the same fixed random order to all Ss. 
Eye movement recording 
Stimuli The stimuli were the five pictures rated in 
the first part of this study. 
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Subjects The Ss were 20 undergraduates (seven 
females) from the same subject pool and subject to the same 
restrictions as Ss in the eye movement recording portion of 
Study I. 
Procedure The procedure was similar to that for the 
eye movement recording of Study I. When S reported to the 
experimental room the following instructions were read to 
This is an experiment in art appreciation. I am 
going to show you five different pictures on this 
screen (point) for 20 seconds each. By means of 
this apparatus (point), I will be recording certain 
physiological characteristics of your eyes as you 
are viewing these pictures. After the last picture 
is shown, I want you to tell me which one picture 
you liked better than the others. I hope to relate 
your preferences to the physiological 
characteristics of your eyes which I am recording. 
I selected these five pictures from old illustrated 
stories thinking that some students may already be 
f;.miliar with and have predetermined preferences 
fcr regular paintings. Since these pictures are 
illustrations from stories the meaning which they 
cor.vey may be unclear without the story to go along 
w .th them. So, to introduce each picture I will 
read a short four or five sentence summary of the 
story from which the picture was taken. Please 
listen carefully. This will enable you to 
concentrate more on which picture you prefer. This 
is not a memory experiment. I will not ask you to 
recall anything about these pictures. I just want 
you to casually view them as you would if you were 
visiting an art gallery. Do you have any 
guestions? 
All guestions were answered and the dental wax bite-bar was 
then prepared and calibration was performed and filmed as 
before. The description of the first picture was read to S 
and then the picture was projected onto the screen in front 
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of him for 20 seconds. The calibration of the equipment was 
then checked, then the description of the second picture was 
read followed by presentation of the second picture. This 
procedure was continued for the five pictures. Again the 
movie camera was operated at a speed of 8 frames per second 
and was started 1 second before stimulus onset and stopped at 
stimulus offset. Ten Ss (four females) were randomly 
assiqned to view all pictures described by one set of 
meanings (meaning A) and 10 other Ss (three females) viewed 
the same pictures described by the second set of meanings 
(meaning B). The order of presentation was randomized within 
each group of 10 3s with the constraint that each picture 
appeared in each ordinal position twice. After the final 
picture, the purpose of the experiment was fully explained to 
S. 
Results 
Ratings 
Each S's ratings were normalized and standardized as 
before and then summed across the 20 Ss in each rating group 
and averaged. The obtained unit means were the 
informativeness values assigned to the units of the pictures. 
Tables 12 - 16 display the mean unit ratings under both 
meaning conditions for the five pictures. To determine the 
degree of agreement among the raters, the derived ratings of 
each S were correlated as before with those of every other S 
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Table 12. Total number and duration of fixations and mean 
informativeness ratings of Ss in both meaning 
groups for all units of "Morning on the Cape." 
Total Total Mean 
Onit Fixations Duration** Rating*** 
# ME* Mng A Mng B Mng A Mng B Hng A Mng B 
1 26 20 46 49 -1.772 -1.590 
2 8 1 0 18 24 -1.730 -1.590 
3 3 4 5 9 -1.699 -1.162 
4 16 14 20 25 -1.675 -1.144 
5 4 4 4 7 -1.730 -1.280 
6 18 27 23 49 -1.701 -1.287 
7 10 1 1 22 20 -1.701 -.836 
8 7 7 9 13 -.920 -. 444 
9 B 38 27 73 58 -.488 -.298 
10 A 47 39 85 68 . 165 .048 
11 A 95 53 187 119 1.215 .672 
12 B 33 21 63 36 -.430 -. 161 
13 B 30 14 54 26 -.074 -.325 
14 B 23 1 9 55 30 -.494 -.313 
15 B 35 21 72 43 .034 .492 
16 B 23 20 39 44 -.301 -.227 
17 B 38 35 88 68 -. 158 -.212 
18 A 25 18 50 41 .488 -.236 
19 A 21 26 45 68 1.237 . 105 
20 A 21 24 36 44 1.450 . 192 
21 A 10 19 12 35 . 167 -.324 
22 B 12 25 23 59 -.129 .025 
23 O 26 4 7 50 SS .397 .619 
24 B 7 13 14 23 -.056 .356 
25 B 17 18 24 33 -.036 -.302 
26 B 9 13 19 35 -.061 -. 320 
27 A 23 5 43 13 — . 456 -.891 
28 0 3 0 6 -.978 -1.346 
29 A 5 8 10 11 -.580 -1.175 
30 6 5 10 8 -.852 -1.283 
31 7 5 14 10 829 -1.309 
32 1 2 1 5 -.881 -1.055 
*ME=Meaning Emphasis: denotes by which meaning a unit 
was emphasized. 
**Duration values are given in frames of film (camera speed • 
was 8 frames per second). 
***Mean rating values represent the average of Ss' 
normalized and standardized informativeness ratings. 
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Table 13. Total number and duration of fixations and mean 
informativeness ratings of ss in both meaning 
groups for all units of picture 5. 
Total Total Mean 
Onit Fixations Duration** Bating*** 
* ME* Hng A flng B Hng A Hng B Hng A Mng B 
1 13 12 21 27 -1.338 -1.404 
2 k 87 67 201 142 1.622 .443 
3 1 1 2 2 21 -1-571 -.501 
U 7 15 14 36 -1.614 -1.068 
5 A 56 50 109 100 1.253 -. 171 
6 2 8 3 12 -1.940 -1.497 
7 22 27 58 53 -1.243 -1.169 
8 k 51 52 103 105 -.007 .337 
9 7 5 14 5 -1.465 -1.003 
10 k 52 31 123 47 ,469 -.124 
11 16 1 8 24 29 -1.863 —. 868 
12 6 7 10 14 -1.926 -.927 
13 B 11 30 17 56 -.765 .494 
14 26 17 55 27 -.450 .313 
15 k 16 3 29 6 -.960 -.794 
16 31 24 122 49 -1.039 -.977 
17 21 1 8 32 55 -.797 -.931 
18 • B 59 72 115 136 -.139 .921 
18 B 5 6 7 8 -1.015 -.700 
20 B 9 1 1 15 19 -.786 .207 
21 4 5 7 9 -1.223 -.691 
22 1 3 2 4 -1.223 -.691 
23 6 4 12 2 -1.751 857 
24 0 4 0 10 -1.859 -1903 
25 A 14 6 25 14 -1.277 -.934 
26 A 0 1 0 2 -1.628 -.226 
27 3 9 6 16 -1.432 -1.381 
28 6 6 11 10 -1.087 -1. 264 
29 8 5 17 12 -1.169 -.964 
30 25 25 53 48 -1.112 -1.244 
31 4 1 U 8 31 -1.012 -1.021 
*ME=Meaning Emphasis: denotes by which meaning a unit 
was emphasized. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
***Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Table 14. Total number and duration of fixations and mean 
informât!veness ratings of Ss in both meaning 
groups for all units of picture SBM. 
Total Total Mean 
Unit Fixations Duration** Rating*** 
# ME* Mng A Hng B Mng & Hng B Mng A Mng B 
1 A 9 29 27 59 -.186 -.567 
2 5 14 12 29 -1.236 -.804 
3 A  10 19 21 38 -.318 -.250 
a 30 28 70 66 -.910 -.573 
5 B 19 18 36 33 -. 136 . 138 
6 A 27 45 66 72 .972 .229 
7 B 56 53 107 104 .776 .908 
8 3 1 14 1 -1.311 -.785 
9 B 14 9 28 14 -.805 -.434 
10 14 6 29 15 -1.317 -.577 
11 B 126 99 260 233 .308 1.474 
12 3 8 6 13 -1.049 -.404 
13 A 7 8 11 12 -.293 -.399 
l U  28 14 52 23 -1.341 -. 866 
15 22 41 40 67 1. 187 .784 
16 25 16 60 25 -.864 -.617 
17 B 16 1 1 37 20 -.284 -.194 
18 7 17 8 43 -1.290 -1.007 
19 0 10 0 18 -1.532 -1.082 
20 A 34 45 64 97 1.391 -.029 
21 A 16 15 46 29 .877 -. 141 
22 A 28 28 74 48 .204 . 199 
23 A 7 S 10 -c259 = 053 
24 A 3 3 6 6 -.556 -. 343 
25 B 7 6 17 13 -.870 -.748 
26 B 13 11 28 23 — . 644 -.424 
27 8 7 12 10 -1. 160 -.908 
28 A 3 6 4 10 .433 -.449 
29 1 4 2 7 -1.092 -.562 
30 A 2 5 3 7 -.200 .010 
31 B 0 1 0 1 -1.081 -.342 
32 3 3 5 6 10 -1=074 -1=143 
*ME=Meaning Emphasis: denotes by which meaning a unit 
was emphasized. 
**Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
»**Hean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Table 15. Total number and duration of fixations and mean 
informativeness ratings of Ss in both meaning 
groups for all units of picture 13MF. 
Unit 
# ME* 
Total 
Fixations 
Hng A Mng B 
Total 
Duration** 
Mng & Mng B 
Mean 
Rating**» 
Hng A Mng B 
1 1 4 1 7 -1.880 -1.530 
2 19 14 43 21 -1. 880 -1.466 
3 A 85 82 221 175 1.430 .676 
4 3 7 7 13 -1.763 - . 604 
5 1 14 2 22 -1.205 -1.151 
6 B 15 42 41 106 -.980 .476 
7 4 4 4 5 -1.845 -1.249 
8 A 87 43 216 73 -.119 -.219 
9 5 8 9 13 -1.417 -1.105 
10 7 7 12 13 -1.685 -1. 133 
11 12 8 28 13 -1.768 -1.133 
12 6 2 13 5 -1.727 -1.163 
13 22 15 59 26 -1.727 -1.438 
14 7 2 9 4 -1.727 -1.217 
15 A 47 35 81 69 -.229 -. 102 
16 B 17 19 25 50 -.302 -.644 
17 A 10 3 22 4 -.325 -.558 
18 A 14 14 24 27 .009 -.326 
19 B 50 97 90 199 .727 .770 
20 B 33 31 76 67 -.021 .337 
21 B 11 10 18 21 -.430 -.380 
22 A 17 21 28 38 -. 186 -.445 
23 a 52 26 90 57 ,751 -.340 
24 B 9 9 14 12 -.561 -.288 
25 0 1 0 2 -1.351 -1.291 
26 3 6 4 12 -.981 -1.008 
27 B 12 18 23 42 -.441 .414 
28 A 10 6 19 9 -.528 -.739 
29 A 15 1 1 29 23 -.528 -.705 
30 A 7 5 14 10 -.771 -.322 
31 A 1 5 3 7 -.906 -1.162 
*HE=Meaning Emphasis; denotes by which meaning a unit 
was emphasized. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second) . 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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Table 16. Total number and duration of fixations and mean 
informativeness ratings of Ss in both meaning 
groups for all units of picture 17GF. 
Total Total Mean 
Unit Fixations Duration^^ Bating *** 
* «£• Mng A Mng B Mng A Mng B Mng A Mng B 
1 6 7 13 11 -1.695 -.633 
2 6 7 8 14 -1.463 -.735 
3 B 9 1 2 15 22 -1.396 -.795 
4 . B 36 43 75 90 -.003 1.159 
5 B 0 15 0 30 -1.211 — .348 
6 5 12 9 24 -1.839 -.644 
7 12 17 16 31 -1.224 -.862 
8 25 19 43 34 -1.185 -.218 
9 B 23 26 42 47 -.968 -.426 
10 B 18 15 37 35 -.858 -.391 
11 B 8 27 23 52 -.878 -.529 
12 14 6 19 8 -1.761 1.469 
13 11 1 8 22 29 -1.374 -.861 
14 14 19 33 38 -1.374 -.975 
15 B 41 32 117 74 -1.088 -.556 
16 B 26 42 59 96 .783 1.036 
17 B 9 1 1 17 24 -1.170 -.373 
18 B 9 15 17 31 -1. 120 -.302 
19 B 6 15 10 35 -1.182 -.493 
20 B 3 9 6 16 -1. 168 -. 145 
21 B 11 1 8 14 34 -.416 .047 
22 B 27 19 41 35 -.363 .078 
23 B 21 2 3 U 1 37 —. 363 .225 
24 B 20 12 30 24 -.453 . 105 
25 & 28 1 5 66 27 -. 524 -.899 
26 A 52 45 107 101 1.728 -.519 
27 & 40 26 85 37 .644 .092 
28 A 44 42 75 67 -.309 .262 
29 A 34 29 64 45 .323 -.245 
30 A 13 15 27 26 -.149 -.187 
31 13 13 26 24 -.677 -.054 
*ME=H€aning Emphasis: denotes by which meaning a unit 
was emphasized. 
••Duration values are given in frames of film (camera speed 
was 8 frames per second). 
•••Mean rating values represent the average of Ss* 
normalized and standardized informativeness ratings. 
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in the same meaning group. Agreement among raters was again 
high; the mean correlation among raters for meaning A was r = 
.71 and for meaning B was r = .64, 
To evaluate the effect on the informativeness ratings of 
the meaning manipulation, the following analysis was 
performed. For each S, the informativeness ratings of units 
emphasized by each meaning were averaged. Thus for each 
picture, the ratings data of every S were reduced to two 
scores: average rating of units emphasized by meaning A and 
average rating of units emphasized by meaning B. These data 
were analyzed by analyses of variance with Meanings as a 
between-S variable with two levels and Units (regions of the 
picture emphasized by the two meanings) as a within-S 
variable with two levels. The prediction that the meaning 
manipulation would significantly affect the informativeness 
ratings would be manifested in a significant Meanings by 
Units interaction. That is, 5s in meaning group A should 
have rated pictorial units emphasized by meaning A higher 
than units emphasized by meaning B. Subjects in meaning 
group B should have rated units stressed by meaning B higher 
than units emphasized by meaning A. The results for each 
picture were analyzed separately because it was felt that the 
meaning manipulations may have been weaker on some pictures 
than others and thus it would be more informative to discuss 
each picture individually. 
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Fiqure 17 shows mean inforoativeness plotted as a 
function of Units for both meaning groups for the five 
pictures. Table 17 summarizes the analyses. As is evident 
from the fiqure and the analyses of variance, the predicted 
Meanings by Units interaction was highly significant (£<.01) 
for all five pictures. The induced meanings of the pictures 
had a very strong effect on subjective informativeness 
ratings. Sub-jects tended to rate the inf ormativeness of 
pictorial units emphasized by the described meaning of the 
picture much higher than units not emphasized by that 
meaning. Also, the ratings of other Ss tended to be lower 
when the described meaning did not emphasize these same 
units. 
The nonsignificant Meanings main effects for all 
pictures demonstrates that the average ratings over all 
portions of the pictures emphasized by either of the meanings 
did not differ between Ss in the two meaning groups. Stated 
another way, the ratings of Ss in meaning group A were just 
as high (or low) over the portions of the picture that 
received emphasis as were those of Ss in meaning group B. 
The significant Units main effects for four of the 
pictures provides information regarding the ratings of 
particular units of the picture regardless of the induced 
meaning. For example, on picture 13MF units emphasized fay 
meaning B were rated higher on the average than those 
Figure 17, Mean informativeness ratings of Ss in each 
meaning group on units of the pictures emphasized 
by each of the two meanings for the five pictures 
of Study II: a) "Morning on the Cape", b) 5, c) 
8BM, d) 13MF, and e) 17GF. 
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Table 17. Summary of analyses of variance of the informative-
ness ratings for the five pictures of Study II. 
Degrees of Mean 
Source of variation freedom squares F values 
"Morninq on the Cape" 
Meanings 1 .022579 .036 
Subjects within Meanings 38 .628115 
Dnits 1 .758940 4.582* 
Meanings by Units 1 3.449479 20.826*» 
Error 38 . 16 5634 
Total 79 
Picture 5 
Meanings 1 2.598120 2.466 
Subjects within Meanings 38 1.053452 
Units 1 .185956 1.311 
Meanings by Units 1 9.729421 68.567*» 
Error 38 .141896 
Total 79 
Picture 8BM 
Meanings 1 .053045 .099 
Subjects within Meanings 38 .533299 
Units 1 .682650 7.173» 
Meanings by Units 1 3.633779 38.182»» 
Error 38 .095169 
Total 79 
D 4 11 1 ^  M T? 
Meanings 1 .298656 .483 
Subjects within Meanings 38 .618601 
Units 1 .677487 10.447»» 
Meanings by Units 1 2.363279 36.442»» 
Error 38 .064850 
Total 79 
»2<.05 
Table 17. (continued) 
Degrees of Mean 
Source of variation freedom squares F values 
Picture 17GF 
Meanings 1 1 .308927 1.012 
Subjects within Meanings 38 1 .293030 
Units 1 2 .315058 13.587** 
Meanings by Units 1 9 .416715 55.268»* 
Error 38 .170383 
Total 79 
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stressed by meaning A by Ss in both meaning groups. These 
significant main effects suggest either that one of the two 
described meanings was more potent than the other in 
influencing subieccive informativeness ratings, or that the 
units stressed by one meaning were more informative in 
general. 
Eyg fixations 
The eye fixation data were scored as in Study I. Blind 
scoring procedures were followed such that E was unaware of 
the meaning group to which the Ss belonged until all 
fixations had been completely tabulated. 
Tables 12 - 16 show the total number of fixations and 
the total duration of fixation on each unit of the five 
pictures under both meaning conditions. 
To evaluate the effect of the induced pictorial meanings 
on visual exploration, the following analysis was performed 
using two dependent variables. For each S, the total number 
of fixations and the total duration of fixation (total number 
of frames of film) on units emphasized by each meaning were 
obtained. Then the total number of fixations on each group 
of units was divided by the area (in cmZ) of the picture 
covered by the units stressed by that meaning to obtain 
fixation density (in fixations/cm^). The total duration of 
fixation on each group of units was divided by the total 
number of fixations on units emphasized by that meaning to 
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obtain an average duration per fixation (in frames/fixation) . 
Thus four scores were computed for each S: fixation density 
and average duration per fixation on units stressed by 
meaning A and fixation density and average duration of 
fixations on units emphasized by meaning B. These data were 
subiected to analyses of variance for each picture with main 
effects of Meanings (between Ss variable) and Units (within 
Ss variable) as in the ratings analyses. Significant 
Meanings by Units interactions were predicted, indicative of 
one group of Ss fixating more frequently and for greater 
duration the units of the pictures stressed by the meaning 
described to them relative to units emphasized by the meaning 
described to the other group of Ss. 
Transformations were performed on both dependent 
variables because of possible violations in the assumptions 
of analysis of variance. Since the fixation densities are 
frequency counts and often such data show the mean and 
variance to be proportional, the raw data were subjected to a 
Freeman-Tukey transformation for analysis. Because of the 
possibility of a positive skew and nonadditivity in the 
duration data; analyses were performed with logarithmic and 
reciprocal transformations in addition to the raw data. 
Figure 18 displays the mean fixation density as a 
function of Units for all five pictures and Table 18 
summarizes the analyses. There were very small differences 
Figure 18. Mean fixation density of Ss in each meaning group 
on units of the pictures emphasized by each of 
the two meanings for the five pictures of Study 
II: a) "Morning on the Cape", b) 5, c) 8BM, d) 
13WF, and e) 17GF. 
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Table 18. Summary of analyses of variance of the fixation 
density data for the five pictures of Study II. 
Degrees of Mean 
Source of variation freedom squares F values 
"Morninq on the Caoe" 
Meanings 1 .032092 1.762 
Subjects within Meanings 18 .018208 
Units 1 .205779 9.027** 
Meanings by Units 1 .006996 .307 
Error 18 .022796 
Total 39 
Picture 5 
Meanings 1 .001769 .017 
Subjects within Meanings 18 .105074 
Units 1 ,012816 .280 
Meanings by Units 1 .242425 5.289» 
Error 18 .045838 
Total 39 
Picture 8BM 
Meanings 1 .029485 1.673 
Subjects within Meanings 18 .017627 
Units 1 .125440 7.018* 
Meanings by Units 1 .123654 6.918* 
Error 18 .017874 
Total 39 
Meanings 1 .014402 .458 
Subjects within Meanings 18 .031418 
Units 1 .054982 3.887 
Meanings by Units 1 .282072 19.943** 
Error 18 .014144 
Total 39 
*B<.05 
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Table 18. (continued) 
Degrees of Mean 
Source of variation freedom squares F values 
Picture 17GF 
Meanings 1 .003222 .168 
Subjects within Meanings 18 .019215 
Units 1 .411887 15.867** 
Meanings by Units 1 .066667 2.568 
Error 18 .025959 
Total 39 
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in F values and no differences in statistical significance 
between the raw scores and the transformed scores, so to 
facilitate understanding, only data for the raw scores are 
presented. 
The results were not as clear as for the ratings but, in 
general, were in the same direction. For pictures 13HF and 
5, the Meanings by Units interactions were statistically 
significant in the predicted direction. Subjects viewing 
these pictures described by meaning à concentrated their 
fixations acre on units emphasized by meaning k than units 
stressed by meaning E and more than did Ss under the aeaning 
B condition on the meaning k units. The reverse was true for 
_gs viewing the pictures as described by meaning B. For 
"Morning on the Cape" and picture 17GF the trend was in the 
direction predicted but the Meanings by Units interactions 
were not statistically significant. For both pictures there 
was a significant Units main effect, showing that certain 
units of the pictures attracted more fixations than others 
regardless of the induced meaning. Viewing "Morning on the 
Cape, for example, Ss concentrated their fixations more on 
the fara scene and the sale ycrksr than on the tvo fesale 
figures even when meaning A stressed the actions of the two 
females (refer to Figure 1). For picture BBM a significant 
Meanings by Units interaction resulted but in a direction 
opposite to the prediction. Subjects viewing this picture 
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tended to look more at units described by the meaning of 
which they were unaware. Specifically, meaning A Ss viewed 
units described by meanings A and B equally. However, 
meaning B Ss viewed meaning A units considerably more than 
meaning B units. Because the interaction was of this form, a 
significant Units main effect resulted: meaning A units were 
viewed more overall than meaning B units. Possible 
explanations for these results will be examined in the 
Discussion section. 
Table 19 summarizes the analyses of variance on the mean 
fixation duration raw data. The logarithmic and reciprocal 
transformations did not change the F values appreciably so 
only analyses on the raw data will be considered here. The 
predicted Meanings by Units interaction was found to be 
significant for only one picture, number 8BM. Caution is 
advised in concluding anything from the results on this 
picture, however, because it was the only picture to produce 
results contrary to prediction when fixation density was 
analyzed. Thus, determining effects of the meaning 
manipulation on fixation duration is difficult when fixation 
density was affected in a negative way by the induced 
meaning. The significant Units main effect on picture 5 
indicates Ss were fixating longer on units described by 
meaning A relative to meaning B units regardless of the 
meaning read to them. Thus from these analyses it may be 
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Table 19. Summary of analyses of variance of the fixation 
duration data for the five pictures of Study II. 
Degrees of Mean 
Source of variation freedom squares F values 
"Morning on the Cape" 
Meanings 1 .112360 .617 
Subjects within Meanings 18 .182203 
Units 1 .005290 .043 
Meanings by Units 1 .014440 .118 
Error 18 .122654 
Total 39 
Picture 5 
Meanings 1 .663061 1.795 
Subjects within Meanings 18 .369454 
Units 1 .939419 5.395* 
Meanings by Units 1 .074824 .430 
Error 18 . 174117 
Total 39 
Picture 8BM 
Meanings 1 .786805 1.349 
Subjects within Meanings 18 .5833 85 
Units 1 .006502 .033 
Meanings by Units 1 .939422 4.757» 
Error 18 .197496 
Total 39 
^ ^ ^  ^ V- 1 ^  V 
Meanings 1 .002102 .005 
Subjects within Meanings 18 .393419 
Units 1 .006502 .038 
Meanings by Units 1 .264062 1.548 
Error 18 .170560 
Total 39 
*P<.05 
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Table 19. (continued) 
Degrees of Mean 
Source of variation freedom squares F values 
Picture 17GF 
Meanings 
Subjects within Meanings 
Dnits 
Meanings by Units 
Error 
Total 
1 .080103 .505 
18 .158608 
1 .398000 3.305 
1 .315063 2.616 
18 .120416 
39 
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concluded that induced pictorial meaning had little effect on 
mean duration of eye fixations. 
Discussion 
The meaning described to Ss as they rated the 
informativeness of areas of complex pictures had a pronounced 
effect on their ratings. When a pictorial unit was 
emphasized by one meaning, Ss tended to rate it higher than 
did Ss for whom that unit was not mentioned. This effect 
held for all five pictures in this experiment, suggesting 
that the effect of meaning on nudged informativeness is a 
general phenomenon. 
There is, of course, the possibility that demand 
characteristics of the experiment may have influenced Ss* 
ratings. The fact that portions of a picture were mentioned 
to the exclusion of other prominent features could have cued 
Ss to believe that the "correct" units to rate highly were 
the ones stressed by E. An attempt was made to minimize this 
effect fcy deceiving Ss in telling them that the pictures were 
illustrations from old stories and that a summary of the 
story line would be read to help them comprehend the meaning 
/-V f ^ k a r ac & 1 cri ^ n f g rr Q c ^ k a ^ ^ k Ar a w OT'O n 0 
"correct" responses was an attempt to diminish any 
experimenter demand to rate highly the units mentioned by E, 
There is no way to tell from the data the extent of influence 
of this effect and before any general conclusions can be made 
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reqardinq the effect of induced meaning on subiective 
informativeness ratinqs, the impact of demand characteristics 
must be ascertained. 
One other result in the rating data is puzzling. The 
average inter-rater correlations, although high enough to 
infer substantial agreement among Ss, were no higher than the 
mean inter-rater correlation of Study I. Since the pictures 
were chosen on the basis of their many potential meanings, it 
was expected that when one particular meaning was described 
to Ss, as in Study II, agreement among Ss would be higher 
than when no meaning was described and Ss probably inferred 
their own meaning, as in Study I. One possible explanation 
arises from the fact that both meanings stressed certain 
units that were highly informative, as rated in Study I. 
Thus each meaning was, in effect, telling the raters to 
ignore certain informative elements of the pictures. For 
example, meaning B of "Morning on the Cape" (Figure 1) almost 
completely neglected the two prominent female figures in the 
picture and thus asked that Ss rate them as uninforaative, 
It is thus possible that when faced with this situation, Ss 
wsre confused, some rating the units IOH to coincide with the 
meaning and some rating them high despite the meaning. This 
increased variability would tend to lower the inter-rater 
correlations. To determine if such an effect existed in the 
present data, an examination was made of the variability of 
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units rated under the two meaning conditions. First, the 10 
highest rated units for each picture (as determined by Study 
I) were identified. The variances in rating these units in 
Study II were calculated. Then a mean variance was computed 
for those units of the 10 emphasized by meaning A and for 
those stressed by meaning B for both meaning conditions. The 
trend was in the direction expected, although no inferential 
statistical operations were performed. There was higher 
variability, averaged over the five pictures, in rating 
highly informative units emphasized by the meaning other than 
the one described to s. When Ss rated the pictures after 
meaning A was described the mean variances were, for A units 
VAR = .759, and for E units VAB = .834. But when the other 
Ss rated the same pictures under meaning B, the mean 
variances were, for A units VAR = .819, and for B units VAR = 
.808. These higher variances, then, could have contributed 
to the lower inter-rater correlations. 
This finding suggests some possible limits to the 
procedure employed here in manipulating pictorial meaning. 
Highly informative regions were generally rated as such even 
though the induced leaning neglected theSi There apparently 
is a limit to the influence a fabricated meaning can exert 
over Ss* informativeness ratings. Probably through 
experience, Ss have learned to discover informative elements 
of a picture by their own means and the present laboratory 
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manipulation could not change it. 
The present meaning manipulation influenced the loci of 
Ss' eye fixations. Fixations tended to be concentrated on 
units stressed by the meaning described to S. The results 
were not as clear as with the ratings. Analyses showed 
results from two pictures to be significant in the predicted 
direction, two nonsignificant in the predicted direction, and 
one significant in a direction opposite to prediction. 
There are several possible reasons why results from 
three of the pictures did not yield the predicted significant 
interaction. It could be that, as was suggested from the 
rating data, there is a limit to the effect of induced 
meaning on visual exploration. There may be certain 
pictorial features that Ss will fixate no matter what the 
inducement to do otherwise. Regions rated highly informative 
may be such features. 
It is also possible that one of the two meanings for a 
picture was much less believable than the other. If this 
were the case, upon initially viewing the picture S might 
disregard the described meaning and observe the picture 
"nocBiàlly", as 3s in Study I, Arguing against this 
possibility is the significance of the predicted interactions 
in the rating data. Although the tasks obiously differed, it 
is doubtful that such clear results would have obtained in 
the rating were one of the meanings not credible. 
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A third possibility lies in the fact that the present 
meaning manipulation was generally quite weak. Subjects were 
not reguired to make use of the described neaninq in their 
experimental task. They were told only that the meanings 
served as an aid in understanding the pictures so that they 
could better concentrate on their picture preferences. Added 
to this was the experience of facing guite impressive pieces 
of eguipment and biting onto the bite-bar. It is plausible, 
then, when faced with the present task, Ss did not pay full 
attention to the described meaning. 
Another potential factor concerns the units of emphasis 
for each meaning. Selection of the particular units which a 
given meaning stressed was an intuitive judgment by E. It 
may have been that certain units were emphasized more than 
others, some units which were stressed were excluded from 
selection, or some unstressed units were chosen as being 
emphasized by a meaning. In addition, due to individual 
differences, the above factors probably varied across Ss. 
The operation of any combination of these effects would tend 
to diminish the size of the predicted interaction. 
Finally, interactions on three of the pictures aay not 
have been statistically significant as predicted because of 
subject variability. There was a rather wide range of 
subject scanning behavior and it may be that 10 Ss per group 
was not enough to stabilize the variance. 
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In the present experiment meaning had little effect on 
mean duration of fixation. Although Ss tended to look more 
often at portions of a picture stressed by the meaning, these 
fixations were not of longer duration than fixations on other 
parts of the picture. For the one picture (number 8BH) where 
the predicted Meanings by Onits interaction resulted, the 
same interaction using fixation density as the dependent 
variable was in a direction opposite to prediction, making a 
meaningful interpretation impossible. Thus it appears that, 
yhile induced pictorial meaning significantly altered eye 
fixation density, it had no effect on fixation duration. 
This result has its parallel in the visual search literature, 
Gould and Schaffer (1965a) reguired Ss to scan numeric 
matrices for a specified target digit. They found that 
number of target digits and the particular digit specified 
affected the number of eye fixations but had no effect on 
average duration of fixation. Further, the average fixation 
duration was the same for target and nontarget digits. 
Number of eye fixations, not fixation duration was altered by 
the task parameters. 
In sussary, this study has shoen that a simple 
description of a picture before it is exposed can 
significantly alter the subjective importance of its 
features, as reflected by ratings of inforraativeness and the 
distribution of eye fixations. The meaning for which Ss 
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scan, and not iust physical characteristics of the picture 
helps determine where they will look. The relative clarity 
with which this effect is shown in the data is in some ways 
surprising when the weakness and passivity of the meaning 
manipulation itself are considered. Subiects were made aware 
of "the" meaning of the picture without it being made the 
focal point of their task. They were not told to scan for a 
certain element in the picture as Buswell's (1935) Ss were 
asked to do. They were merely given a set concerning what to 
expect in the picture and this vas revealed in their rating 
and scanning behavior. 
The logical next guestion, of obvious potential applied 
value, concerns the limits of manipulating visual exploratory 
behavior. Under the conditions of the present experiment, 
the informative units of the unstressed as well as the 
stressed parts of the picture were fixated frequently. 
Previously informative regions could not be made 
uninformative. Could a "strong" meaning manipulation induce 
Ss to ignore informative aspects of a picture? How 
informative could a previously uninfornative region be made 
to be? Within the context of the present study, are these 
altered scanning tendencies accompanied by changes in 
preferences or memory for parts of the pictures? These 
guestions are unanswerable with the present data but are 
enticing sources of inguiry for future research. 
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GENERAL DISCUSSION 
The two experiments reported here investigated some of 
the factors that affect the visual exploration of Ss as they 
viewed complex pictures. Study I showed that, after a brief 
familiarization with the experimental situation, Ss fixated 
informative elements of the pictures (as determined by 
subjective ratings) immediately after presentation of the 
picture. They exhibited a gradually changing scanning 
pattern as viewing time progressed. Initially large saccades 
transported the gaze to inforisative regions frequently for 
eye fixations of short duration. This evolved slowly to the 
fixation of informative areas less frequently and viewing 
less informative detail more often and for greater durations. 
The pattern was one of large eye movements to informative 
regions followed by short saccades to less informative units. 
As viewing time progressed the eye fixations on informative 
elements were separated by more fixations on less informative 
units. The results of Study II showed that by describing the 
meaning of a picture before it was presented, inforaativeness 
ratings and the relative distribution of eye fixations could 
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informativeness ratings and concentrate their eye fixations 
on regions of the pictures emphasized by the meaning. 
However, under the conditions of this study, highly 
informative areas (as determined by Study I) were still 
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fixated frequently and rated highly when they were not 
stressed by the meaning. 
The scanning pattern suggested by Study I is in many 
ways similar to eye movement patterns identified by previous 
investigators (e.g., Buswell, 1935; Karpov et al., 1968; 
Kackworth S Morandi, 1967) but is also related to the 
literature on exploratory behavior. Welker (1961), for 
example, has identified four fundamental phenomena 
characteristic of exploratory behavior in animals which may 
also be acting in the visual exploration exasined here. He 
stated that (1) responses to novelty, (2) habituation, (3) 
recovery, and (4) preferences and aversions are factors 
operating in the sequence of animals* explorations. When 
confronted with an experimental environment composed of many 
stimuli varying in novelty, the most novel stimuli are 
explored first and most freguently (assuming that none of the 
stimuli are overly novel so as to be aversive). After a time 
novel stimuli fail to elicit attentive responses; habituation 
occurs. The continued exploration of novel objects has 
altered their degree of novelty. Thus other, initially less 
ob-jects. In the meantime the concomitant nonexposure of 
previously novel stimuli has brought about a recovery in 
their novelty and they may again be investigated. Modulating 
this entire pattern of exploration are the predisposing 
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preferences and aversions for certain parameters of the 
stimulus situation. 
When Ss in the present experiments viewed the complex 
pictures their initial qaze preferences were the informative 
aspects of the scenes, analaqous to animals' initial 
preference for novelty. As viewing time increased, more and 
more fixations were made on less informative regions. 
Possibly Ss became habituated to the more informative units 
and fixated other less informative areas. However, 
infrequent saccades were still aade to the inforaative 
elements later in viewing, possibly due to the recovery 
phenomenon described above. Welker's (1961) fundamental 
phenomena, then, may have been operating in the visual 
explorations studied here* There is no direct evidence for 
this other than by analogy, but nevertheless, the parsimony 
present in such a possibility is appealing. 
Study II demonstrated that the distribution of eye 
fixations could be altered experimentally. Are there any 
implications regarding visual exploration in general? The 
primary purpose of Study II was simply to demonstrate that 
meaning affects eye fixations since ssaninq previously had 
not been manipulated directly. Nevertheless some 
generalizations may be made on the basis of the present 
results and past investiqations. First, the present data 
have shown that Ss expectancies as constructed by the 
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described meanings affected the location of their fixations. 
This finding is related to the "old" literature on set (see 
Woodworth 5 schlosberq, 1954) which shows that preparatory 
adiustments can alter performance on a wide variety of tasks, 
for example, reaction time, word association, and problem 
solving. The nature of this meaning effect is implied in 
Bruner's (1957) concept of perception as the end product of a 
classification process. This classification process, 
according to Bruner, is directly affected by the relative 
accessibility of the categories available for coding 
information from the environment. The more accessible is a 
category the more easily will its instances be recognized and 
the more likely is a person to seek instances from this 
category. In the context of the present experiment, a 
complex set of categories related to the meaning described to 
S was made more accessible and the course of visual 
exploration was altered by S*s readiness to perceive 
instances of these categories. 
However, the present data also demonstrated that a high 
proportion of eye fixations were on regions unrelated to the 
induced meaaiaq. For the two pictures (numbers 13MF and 5) 
where the fixation density data analysis showed the predicted 
Meanings by Units interaction, correlations were computed 
between the obtained ratings of all units under both meaning 
conditions and fixation densities on these units under both 
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meaning conditions. The mean correlation when the meaning 
was the same for the raters and the eye movement Ss was r = 
.72; when the raters had a different meaning from the eye 
movement Ss, the mean correlation was r = .66. The latter 
correlation was lower, as expected, but still there is much 
variance which the fixation density and rating data have in 
common. There was a strong relationship between the location 
of eye fixations of Ss viewing these pictures when one 
meaning was described to them and the informativeness of the 
areas fixated as rated by Ss for yhoa a completely different 
meaning was described. The conclusion, then, is that there 
are portions of a picture that will receive a certain 
relative rating and a certain proportion of the fixations 
regardless of the meaning that the picture is presumed to 
carry. One alternative to this conclusion is that the two 
meanings stressed many areas of the picture in common. If 
this was the case, then it was done so by implication on the 
Ss' part rather than any overt manipulation by E. 
Conseguently this alternative is reiected and it may be 
concluded that there are other factors besides meaning 
affecting Ss' eye fixations. 
One possible factor is the existence of subject-specific 
meanings that were derived after each picture was presented. 
Since the TAT pictures were constructed to evoke many 
meanings in Ss, indicative of certain personality dynamics. 
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it is possible that such seaninqs were aroused, accompanied 
by a distribution of eye fixations consistent with either of 
the induced meanings. There is no way to assess the strength 
of this effect in the present study. 
It appears that informaTiyeness may be a manor factor 
influencing eye fixations, âs discussed earlier, there was 
an overall tendency to fixate informative regions of a 
picture, whether or not thev were stressed by an induced 
meaning. This is undoubtedly a very adaptive behavior since 
these areas of the picture provide the most information about 
the content of the scene, as evidenced by the high subjective 
informativeness ratings. 
The guestion then evolves to, what determines the 
informativeness of a pictorial unit? The meaning component 
has already been discussed. Are there, then, some stimulus 
components common to all highly informative units? Mackworth 
and Morandi (1967) showed that units containing the most 
contours, or, better, the eost unpredictable contours, were 
the regions of highest fixation density. Also it was the 
areas of contour which received the highest informativeness 
ratings. Smith (1970) showed that size and orientation of 
stimuli were factors affecting eye fixations, with the larger 
and normally oriented stimuli being the features attracting 
most initial eye fixations, Berlyne (1958) has shown 
stimulus complexity and Day (1966) demonstrated stimulus 
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color to be factors affecting eye movements. It is possible, 
then, that highly informative areas of pictures share one or 
more of these stimulus characteristics, each contributing to 
the informativeness of that part of the scene. 
Thus meaning and stimulus complexity apparently 
contribute to a unit's informativeness, but there appears to 
be another component, perhaps the most influential of all: 
learning. Through experience with countless different 
scenes, man has had the opportunity to learn which kinds of 
features of the environment will provide the most 
information. This information is invaluable for efficient 
interaction with the environment, Conseguently he may have 
learned to look at these features first and most often in 
order to obtain this information. This type of learning 
could be viewed as the construction of a meaning for 
pictorial features, but meaning in a different sense than was 
manipulated in Study II. Whereas Study II investigated the 
effects of picture-specific meanings over an entire scene, 
the meaning discussed here refers to the general information 
value of any pictorial unit as it exists over a whole range 
cf possible scenes. That such learning can occur is shown by 
the results of Schroeder (1970) who, by a reward training 
procedure, conditioned Ss to fixate certain simple figures 
more often than others. Haaf and Bell (1967) showed that 
this learning may be exhibited very early in life by 
116 
demonstrating that four-month old infants preferred to look 
at a fully formed face rather than the same features in 
iumbled array (and thus possessing the same stimulus 
complexity). Bergman, Haith, and Hann (1971, cited in Haber 
6 Hershenson, 1973) revealed that this preference is not 
present in 3-5 week eld infants. That such a learning 
process may still require much experience to complete is 
suggested by the findings of Mackworth and Bruner (1970) who 
showed that the group agreement in eye fixation distribution 
of six-year old children as they ?ieyed pictures sas less 
than that for adults. 
It is now possible to return to the general question 
guiding this entire investigation: what factors affect our 
eye movements? The present studies certainly offer no 
complete answer and undoubtedly raise more questions than 
they have answered. However, some increment has been added 
to the current body of knowledge. It has been shown that 
induced pictorial meaning can affect eye fixations. Further, 
it was suggested that a manor factor affecting eye movements 
is inforraativeness, to which meaning, stimulus factors and 
learning contribute. Finally the scanning pattern of 
subiects as they view pictures has been described, and it was 
suggested that factors influencing these eye movements may be 
similar to those factors influencing other forms of 
environmental exploration. 
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APPENDIX A 
Dimensions of each Picture as Proiected onto the Screen 
Picture Vertical* Horizontal* 
"Morning on the Cape" 12. 1 18.9 
5 14,2 17.0 
6BM 15.8 12.8 
7GF 14.2 11.0 
8BN U.I 16.0 
9GF 15.8 13. 8 
12BG 14.0 17.7 
12M 14.3 15.6 
13MF 14.2 16. 1 
17GF 15. 1 10. 2 
•All values are given in degrees of visual angle at a 
viewing distance of 53 cm. 
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APPENDIX B 
Meanings Employed in Study II and their Respective 
Units of Emphasis 
"Morning on the Cage" 
Meaning A This story involves the conflict of a 
young woman raised in a rural atmosphere. In the picture she 
is shown ready to go off to college to escape country living 
and pursue a career. Her mother, also shown in the picture, 
is firmly against her daughter's leaving. The rest of the 
picture shows the farm life she is leaving. 
Units emphasized: 10, 11, 18, 19, 20, 21, 21, and 29, 
Meaning B  The young man in the following picture has 
iust inherited a large farm from his father. The farm is 
very extensive, including much wooded and cleared land, many 
buildings, and a lake. The picture shows him and a work 
horse busily laboring in the field. His two sisters are also 
shown in the picture. 
Units emphasized: 9, 12, 13, 14, 15, 16, 17, 22, 23, 24, 25, 
and 26. 
Picture 5 
Meaning A '.HE fol loving picture shows a 
griefstricken woman just returning home from the funeral of 
her husband, who died suddenly in an accident. She now faces 
the prospect of living the rest of her life alone with the 
few mementos of her husband's life, especially his favorite 
books, which he loved to read. 
Units emphasized: 2, 5, 8, 10, 15, 25, and 26. 
Meaning B The following picture is taken from a 
ghost story, concerning a woman living in a haunted house. 
The picture shows her hurriedly leaving a room in which 
strange things had been happening. A lamp had been turning 
on and off by itself. Flowers in a vase had been 
mysteriously growing and shrinking. 
Units emphasized: 13, 18, 1 5 ,  and 20. 
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Picture 8BM 
Meaning A The story from which the following picture 
was taken is of the conflict between a man and his oldest 
son. The pair were constantly arguing with each other for 
various reasons. One night the boy was returning home late 
from his work; the father thought he was a prowler, grabbed 
his rifle and shot the boy. The picture shows the bearded 
father holding a lantern for the local doctor to remove the 
bullet from the abdomen of the boy who is in extreme pain and 
suffering. Also shown in the foreground of the picture is 
the father's younger son. 
Units emphasized: 1, 3, 6, 13, 20, 21, 22, 23, 24, 28, and 
30. 
Meaning B This story is of a boy and his dreams to 
be a doctor. The picture is a representation of this dream. 
The boy is shown in the foreground of the picture. In the 
background is an image of him in the future, as a country 
doctor, saving a patient's life. 
Units emphasized: 5, 7, 9, 11, 17, 25, 26, 31, and 32. 
Picture 13MF 
Meaning A This story involves a man whose hobby is 
witchcraft. The picture shows him after he had beer» at a 
table late at night reading by laspliqht sose forbidden 
volumes of the supernatural. Just as he had finished and was 
standing up a curse caused him to lose the sight in his eyes. 
All this is unbeknownst to his wife who is asleep behind 
him. 
Units emphasized: 3, 8, 15, 17, 18, 22, 23, 28, 29, 30, and 
31. 
Meaning B This story involves a young wife who had 
lived her youth on a farm but had married a man from the city 
and moved there with him to a run-down apartment, which was 
all they could afford. The picture shows her lying in bed 
one night, longing to move out of the city, staring at a 
painting of her farm home on the opposite wall. Her husband 
is in the foreground tired after a long day's work. 
Units emphasized: 6, 16, 19, 20, 21, 24, and 27. 
126 
PiStu£e I7GF 
Meaning A The story from which this picture was 
taken involves the smuggling of goods into the United States 
in the early 1900's. The lower portion of the picture shows 
workers guietly but swiftly unloading the illegal cargo from 
their boat. 
Units emphasized: 25, 26, 27, 28, 29, and 30. 
y 
Meaning B The story from which the following picture 
was taken involves a young woman who has spent all of her 
life fighting misfortune and trying to escape the ghetto in 
which she was raised. This picture shows her on a bridge at 
the height of despair preparing to jump into the river to her 
death. The blackness of the sun symbolizes her lack of hope 
for the future. 
Units emphasized: 3, 4, 5, 9, 10, 11, 15, 16, 17, 18, 19, 20, 
21, 22, 23, and 24. 
